
F!-.
o
FI
rriH
t-
trr*
o

Kennecott Utah Copper LLC
P.O. Box 6oor.
120oo West zroo South
Magna, Utah 8+o++
USA
T Bot-S6g-Za,zZ
F 8or-569-64o8

Chris Kaiser
Principal Advisor
Environmental Operatioas Support
Kennecott Utah Copper

Ms. Dana Dean, Associate Director - Mining
Division of Oil, Gas & Mining
Utah Department of Natural Resources
P.O. Box 45801
Salt Lake City, Utah 84rr4 - S8o1

November 11, 2oo9

'/a i " 
.>z' ./.--., zi t - ,/ ,.,:r r )/'(l-t: .*

a&b/ 3":4-!:i

{ti;"8:rjL-P

0024

RECEVED

Irt0y r I t009

DIV OF OIL, GAS & I4INING

Attn: Paul Baker, Minerals Regulatory Program
Leslie Heppler, Minerals Regulatory Program

Re: M/o35/ooz - Bingham Canyon Mine
May tz, 2oo8 OrderVacating NOV #N2oo7-S8-o1
Waste Rock Stability Study and Results of DAN-W
Submittal of Revised Documents

Dear:

Rio Tinto Kennecott Utah Copper submitted an initial set of documents July
30, 2oo9 and a supplemental document August S, 2oo9 to satisfy the
requirements pursuant to the May rz, 2oo8 Order Vacating NOV #Nzoo7-58-
ot, Item c, Page 3. Subsequent to these submittals, the Division conducted a
detailed review of the documents. A conference call was held to review initial
UDOGM comments and a final UDOGM comment letter dated 2oo9-to-19
was provided to KUC.

Pursuant to the Division's 2oo9-1o-19 letter, KUC is herewith submitting the
following revised documents (in track change where applicable) in response
to Task 13-16, Comments g-35 of that letter:
o FllEorAKUCCommentResponseTableUDOGMzoog-1o-lg
o FllEozRev2oog-rowasteRockDumpsSummaryReport
o FI LEo zA-Revz o o 9- roWasteRockDumpsSummaryReportFigureA-3

(includedin FILEoz)
o FILEo3-Revzoog-roAppendixA-FoundationConditions(South)
o FILEo4-Revzoog-roAppendixB-WasteRockMaterialProperties
o FI LEo 5-Revz o o 9- r oAppendixC- StabilitySouthernWasteRock
o FllEo6-Rev2oo9-loAppendixD-

ConstructionSouthWasteRockDumpsOverTime

0024



n'-4.

o
-lF.ixrJf+
o o FILEoT-Revzoog-roAppendixE-

SouthEndHydrologicReportCompleteURS 2oog c.224 (Nor KESLIBM IrrED )
o FI LEo B -Revz o o 9 - roAppendixF-DebrisFlowAnalysisReport
o FI LEo 9 Rev2 o o 9 - loAppendixG- SouthDumpStability

Upon review and acceptance of the track-change revisions by UDOGM, KUC
will provide z complete hardcopy sets of documents and a complete electronic
file to the Division for incorporation into the NOI as appropriatg.

Please contact me or Zeb Kenyon at 8or-569-6o95, should you have any
questions concerning this submittal.

Sincerely,ffiu_
Chris Kaiser
Principal Advisor
Environmental Operations Support
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Comment
#

Sheet/Page/
Map/TabIe

#
UDAQ Comments Kennecott Response

J Page 9
Para2

Expand the paragraph to include more information
about the foundation conditions of the alluvial filled
drainages. DOGM is satisfied with the summary
described of the foundation conditions of the ridses.

Added Reference to Table A-2 - Summary of Foundation Soil Types
below South End Drainages. Corrected / modified Table A-2 to show
more detail oithe actual investigations data available within the
drainages.
However, the reader is referenced to the actual explorations that are

available within the drainages and Table A-2 has been annotated to
correspond more closely with the AMEC boring logs (versus a
compilation of the AMEC and NAE descriptions provided previously.)
Also note that in general NAE found gravel soils in the exposed slope
cuts and shallow test pits, whereas clay soils were only encountered at

depth within a few AMEC borinss.
4 Page 10

Para3
As noted in comment 1 listed above, include more
detail about the low friction angle (less than24 and 1 1

degrees listed) clay soil deposits; include possible size
of deposits, extrapolation of clay soil material to areas

which can't be accessed, and impact on the FOS in
those areas.

The very weak clay soils are expected to be residual materials derived
from the underlying volcanic bedrock, which occurs as "bands" of
outcrops shown on Figure A-2. In all cases, the materials vary from
clayey gravel to gravelly clay. Therefore the lowest friction angle used

in the analysis is the clay strength. The actual friction and cohesion
values used are clarified in the Tables.
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5 Appendix A Foundation Conditions - The appendix is a compilation
ofseveral recent detailed studies and notes low friction
angle soils below the dumps, but not much is compiled
from the historic data underlying the dumps. Figure A-
3 notes a "previous slide area" in the Saints Rest
drainage, yet table A-4 indicates the CH-Plastic Clays
in Olsen Gulch. This seems like an incomplete
thought. Table A-5 also indicates high plastic clays. Is
there any extrapolation of the clay soil material to areas

that can't be accessed and the impact on the FOS in
those areas of historic failures and susceptible soils?

The previous Figure A-3 has been replaced. The previous Figure A-3
was an ATcGIS coverage that should have been "turned off'because it
identifies all areas of reported instability. In the case of Saint's rest

drainage this slide area was the 1981 failure of the dump that was

attributed to excessive leach fluid application (5000 gpm applied for 30

days without any solution exiting) and is not foundation related. The

area has been stable since being backfilled. Our best estimate of the
clay soil extent, based on the available boring logs, is that there are

some layers of gravelly clay present as transported residual soils,
however, the clay soils do not appear to be as extensive as even the
bedrock geology, as some of the bedrock is competent and some areas

have been weathered (the clay soil extent is smaller than the extent of
the volcanic bedrock).

6 App A
Page 12

Para2

As written "lower permeability values...shown above".
Where are the permeability values shown in the report?

Permeability data are summarized in Table B-3 (Appendix B). A
discussion of segregation was added and referencing the internal dump
stratification model presented in Appendix F

7 App A
Page 16

Para I

As written "...decrease in permeability". What impact
will the reduced permeability have on FOS and on
water quality/geochemistry?

As indicated in Appendix C, geochemistry, the northern dumps have
already been exposed to the most severe level of acid leaching.

Therefore we expect little impact due to decrease in permeability on
water quality or geochemisty. The reduced permeability may reduce

infiltration slightly, but this is a function of controlling surface drainage

and fumaroles in the dump. It is KUCC's expectation that conditions in
the future will stav the same as they are at present.

8 App A
Page 16

Para2

Dump map is Figure 4 and not figure 3 as written -
apparent typo. Correct reference has been provided.

9 App A
Page 18

Para2

DOGM does not believe that testing to a depth of 16.5
feet is indicative of the surface water infiltration rate
throughout the entire column of all the south waste
dumps area.

KUCC agrees with the comment on depths and number of
investigations. However, the point was that these shallow
investigations revealed a surface "base coarse layer." The base coarse

was placed across the entire dump surface by mine operations.
Otherwise we agree that investigation ofjust the upper dump surface is

not indicative of the entire dump. A discussion has been added

describins the seneral permeability trend versus depth.
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10 App A
Page 19

Para 1

Plot the results from the leach flow monitoring system
using meteoric fluctuations versus time and at a scale
the shows the relation of seasonal fluctuations to the
surface water infiltration rate, compared to the
monitorins svstem data outout.

Figure 5 has been corrected to remove the "planned termination of
leaching" and Figure 7 has been added to show the correlation between
the Dry Fork Snotel precipitation data and the annual cycles of flow
from the dumps for 2002 to 2005. The 2002 to 2005 data set are the
most complete and shoq tt-tis_"!re4!.

l1 App A
Page22
Table 6

See comment I listed above (also page 25 paragraph
3).

Added clarification to Appendix A, page 23 of 3I regarding origin of
CH / MH soils. These materials appear to be derived from bands of
volcanic materials that outcrop below south dumps.

l2 App A
Page23
Fisure 5

Graph notes in December 99 the leaching termination
is "planned". Update graph to 2009 at a scale which
would show seasonal fluctuations.

This figure was updated.

13 App A
Page26
Bullet 1

A + (plus) 2 magnitude settlement range is out of the
norm. Please explain. DOGM would recommend
extending the dump slope stability longer than 3 years.

What is KUC's long term dump stability monitoring
program?

The actual survey magnitude was *2 inches to - l0 inches, indicating
that there is possibly 2 inches of survey error. Agree that it is unlikely
that the dumps heaved, but the targets may have heaved. We are just
reporting results versus modiffing the measurements. KUC long term
plan includes surface monitoring, flow rate monitoring, water quality
monitorins. An explanation has been added.

l4 App A
Page26

Bullet 3.4.5

How will KUC model and monitor the phreatic surface
in the foundation materials to ensure lons term stabili8

See item 10. KUCC plans to monitor flow rates. Some fuither work in
possible areas of perched conditions may be completed. The ESCS
flows will be monitored continuously.

15 App A
Page26
Bullet 6

As written "fisure 2". Which fisure 2?
Corrected to Figure 3, this document. This figure is also found in
Appendix B.

t6 App A
Page27
Table 8

No shear strength parameters are given in table 8;
please provide

Table 8 here and elsewhere was modified to include the actual shear

strength parameters used, along with a rational of why the values were
selected.

l7 App A
Page 28
Table 9

Is the only geotechnical stability analysis variable not
controlled by KUC in the phreatic surfaces? Is no
additional loading of the dumps planned? If this is
correct, please make this statement in the report and
discuss the impact in the text.

If any modifications are made to the current dumps, such as additional
loading, such loading geometries will be assessed. KUCC has made

and will continue to make efforts to control infilhation into the dumps,
and will strive to keep infiltration at or below current levels.
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l8 App A
Omission

What is the FOS used for dynamic design? Include
recurrence interval and peak horizontal ground
acceleration.

Dynamic stability is considered to be out of scope at this time.

t9 App A
Omission

Is there any early warning stability problem device;
such as a TD& strain gage array or SSR that is planned
for the dumps? Do the dumps justiff an early warning
monitoring system?

KUCC will consider means to have a "warning system." This may be

most applicable to occurence of debris flow type events. KUC
evaluates all systems annual and will consider whether additional dump
monitoring systems are warranted under our internal standards. The
highest hazard identified is the debris flow hazard, and KUC
environmental will perform more frequent inspections after significant
meteorolosical events.

20 App B
Page23
Para 1

It is not clear how the assumption that "it can be safely
assumed that the dump factor of safety must be at least
1.2" because there are no present day slope
deformations. No slope deformations only indicate that
the FOS is greater than 1.0.

Strictly speaking, the FoS provides no analytic information regarding
movement or deformation. This factor of safety for the onset of
movement is judgment based. Experience demonstrates that small
movements do begin to occur at FoS - 1.15 to 1.2. Therefore we chose

1 .2 as the onset of deformations as there is no evidence of movement

based on survey or site inspection. A FoS : 1.0 identifies failure (large

deformations) and would be too conservative.

2l App B
Page23
Para I

It is not clear how the assumption that "a seismic
coefficient be included", when no mention is made of
the maximum peak particle velocity is at the dump
locations. What is the actual PPV at the various dump
locations?

In these discussions, a seismic coefficient of up to 0.1 was included to
assess the impact of blasting on the back calculated shear strength
values of the Cottonwood dumps (on the North side of the pit). The
point was that blasting is likely to have impacted the dumps

surrounding the pit and back calculation with a seismic coefficient
expands the range ofcohesive shear strengths that meJL be present.

22 Supplement
of App C
Page2

DOGM does not believe that 8 test pits excavated with
a track hoe is representative of the geochemistry of the
dumps.

We agree that eight test pits are insufficient, however, there is

significantly more proprietary data (see Table B-2 for listing). A
sentence has been added to the report which states that the test pit data
is consistent with other data collected, especiallv during dump leaching.

ZJ Supplement
of App C
Pase 14

How will the chemical reactions and long term pH of
the dumps be maintained?

We expect current geochemical reactions to continue well into the

future.
As stated on pase 16.

24 App F July 29,2009 debris flow analysis is not labeled as

Appendix F.
Corrected.
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25 App F
Page 3
Para 1

As noted above in comment 1. The Division suggests
that KUC considers a more comprehensive risk
assessment and design to a 100-year,24-hour storm. A
cost analysis to design to a higher standard might
mitieate routine clean out maintenance costs.

KUC will make certain that all debris catch basins meet current
minimum regulatory criteria. Where geometrically possible, KUC will
increase capacity to meet larger storm events. No matter what capacity
the basins are designed to contain, they need to be cleaned out to
maintain that capacitv.

26 App F
Page2l &

22

Report list "Recommended of Options. . . " yet there is
no mention what KUC will implement to avoid the
problem in the future. The section discusses reasons
why the possible mitigation methods will not work yet
does not give specific recommendations for each case.

The Division suggests that KUC consider further Dan-
W analyses for other future potential areas, based on
the back-calculated variables, and then follow through
with specific mitigation actions based the findings from
the analvses on the hiehest risk areas.

The report now highlights the measures that have been implemented.
We agree that calibrated Dan-W analyses will continue to be used, as

applicable, to evaluate debris flow risk.

27 App F
Page 3 I

Figure A-16 indicates a perched table represented by
rilling on the south side of Saints 2 approximately 50Yo

ofthe distance from the toe to the crest. Is there an
explanation for the rilling? Is the area a future
problem?

Table2 has been corrected to reflect the correct name of the dump that
failed due to leaching in 1979. The rilling appears to be associated with
the backfill location of previous 1979 failve. The rilling is most likely
due to head cutting, but could be manifestation of perched water table.
We do not believe this is a problem because this area has been stable

since being backfilled in 1979. Leaching of the South dumps will not
be attemnted asain due to the hish calcium content.

28 App F
Page 42

It is unclear why figure B-26 was addressed in
appendix F and not in Appendix G. This figure is also
shown as figure 2 onpage 10 of the report.

Figure 8-26 was originally in a separate memo. However, the
photograph does represent slippage along an infinite slope condition
and is now cross referenced. The discussion of the infinite slope
condition is "beefed up" with a cross reference to this figure in
Appendix G.

29 App F
Pase 46

Attachment C - manual is referenced yet not attached,
the manual was also listed in the text.

This is an effor. The Dan-W Manual is included.
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30 App G
Page2
Para 1

Although shallow infinite slope failures are usually
ignored, due to the massive size of KUC dumps, the
shallow failures can represent a large volume of
material. The Division suggests that further analyses
are done.

KUC addresses the infinite slope condition as the debris flow "scar"
zone and have estimated reasonable values (1000 yd3) for such

occurences. The discussion ofthe infinite slope is expanded to include
effect of cementation, slight (1-2 deg) dump flattening. However, FoS

is low for the infinite slope. A discussion of sediment containment has

been provided.

JI App G
Page2

1" bullet

As stated "silty clay or silty gravel". The friction angle
is considerably less for silty clay. Was there a
scientific basis for using the friction angle for silty clay
versus the friction angle for silty gravel? It should be
stated that botl cases were modeled.

The scientific basis is whether the soil is clast or matrix supported. The
friction angle / strength used is clarified in the Tables.

A site specific stability calculation was added for Yosemite where the
FS < 1.0 which demonstrates that the FoS is higher.

3Z App G
Table G-1

Shear shength parameters are missing out of chart.
Table is corrected here and in the main body of the report.

JJ App G
Table G-2

Based on Table G-2, KUC should continue further
sfudies at Yosemite to determine the pheratic surface

KUC may complete additional studies, as needed, but does not consider
such studies needed to address NOV. Look at stability when screnning
elvel analysis indicates low factor of safety.

J.t General Many of the figures are difficult to read due to the
scale.

Yes, the GIS based figures are representations of the data available.
We have ability intenogate figures in greater detail and could provide
larger figures, if absolutely needed. Provide better stability figures.
Enlarge drawings to make the stability analysis more visible.

35 General Is there any economic value to the older historic
dumps.

Yes, can we begin leaching? Probably is..
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Section 1 - Executive summary

This report entitled Kennecott Utah Copper South Waste Rock Dumps Summary Repoft

8_9.!,.oPpL2009 has been prepared to fulfil the requirement rdentified at Page 3, ltem c. of the
Order Vacating Notice of Violation N2007-58-01 for an off site excursion that occurred in July
2007. Specifically, ltem c. states: "Undertake additional modelling and prepare a slope
stability study to supplement the existing August 16, 2004 study, and update the 2003 Plan

accordingly, as detailed in Attachment 31o the March 20'" letter.

As noted above, Attachment 3 (Additional Slope Stability for Waste RockWithin the South
End Drainages) to the March 20' (2008) letter incorporates many specific aspecls but has
been summarized as follows: "The prcposed scope of work will furlher investigate the isk
and mechanism for large-scale deep seated failures and well as sufiace slumping and debris
flows. The overall goal of the study will be to investigate the longlerm stability of the KUC
South End waste rock dumps. ln this context, the study will assimilate the available histoical
data and begin quantifying the aspecls of surface water infiltration, geochemistry and
geotechnical conditions that contribute to waste rock dump stability."

Please note that some information provided in the technical appendices may apply to the
northem dumps and also to otherdumps surrounding the pit. All provided and/or referenced
appendices and technical attachments should be considered "work in progress" which may
change or be added to throughout mine operations. As such, only cerlain technical
attachments are provided with this Summary Report.

Rio Tinto is independently developing intemal standards Waste Rock Dump Management
Standard) and guidance documents to provide consistency within its operations, including
Kennecott Utah Copper, in regards to planning, design and construction of waste rock
disposal facilities. The technical appendices referenced in lne Kennecott Utah Copper South
Waste Rock Dumps Summary Report p- .c.tobe- r .2009 , which are historic data comprising field
and laboratory investigations, geochemistry, surface water infiltration, waste rock material
properties, foundation soil and bedrock information and observations regarding surface
erosion, are also being utilized to complete the ongoing development of a KUC Dump
Managemenl Plan (DMP).

Available geologic, geotechnical data and soils maps were compiled into a Geographic
Information Systems (ArcGlS) database. These data were then used to estimate the
foundation soil and bedrock conditions below the dumps and develop dump geometries for
screening level stability analysis.

Dump stability assessment requires site characterization: induding bedrock geology,

foundation soil, groundwater, construclion methods and dump material strength. Availabte
dump stability background information has been assembled within the attached report and
appendices. The report establishes the mapped foundation geology, bedrock outcrops,
drainage locations and soil types below and in proximity to the toe of the dumps, and dump

Repoi( number Page 2 of 31
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material strength range. Preliminary cross sections intended for screening level stability
analysis were also developed. Parametric stability analyses found that the foundation soil /
bedrock conditions are the most crucial characteristics required to quantify the stabilily of the
inactive dumps. The report also includes studies regarding the surface water hydrology and
infiltration rate through the dumps.

Performance of the existing KUCC waste dumps over the past 25 to 85+ years suggests that
the dumps are stable when advanced under controlled conditions. Secondly, 'old" waste
dumps (greater than 50 yrs. old) have cemented with iron oxide compounds, thereby gaining

strength and improving stability over time. The majority of the dump materials are quartsite

and calc-silicates (limestone in the south dumps), which are not expected to weather to clay
over lime as the intrusive material would. This observation suggests that there will be little to
no shear strength degradation that could lead to deep seated dump instability over time. The
cementation is well corroborated by leaching studies of the dumps, which indicated that
aclive leaching tended to seal the dump surface. For example, some of the north / northwest
Bingham Canyon mine pit slopes are being excavated at slope angles of 50+ degrees
through historic dumps that border the mine. These dumps experience both production

blasting and seepage and have exhibited good stability within the pit.
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Section 2 - Major Findings and Actions

lntroduction

This report summarizes a study investigating the long-term stability of the KUG waste rock
(WR) dumps. The study goal assimilates the available hislorical data and begins quantifying

the aspects of surface water inflltration, geochemistry and geotechnical conditions that
contribute to WR dump stability. This report summarizes primarily information relating to the
South End drainages, \,vhose names are shown on Figure 1.

Figu@ 1 - Localons and drcinage names lot South End Dumps

fhe Kennecoft Utah Copper Waste Rock Dumps Summary Repo .Octol!jr.2009 u lizes .

technical appendices, as follows

. Appendix A - Foundation Conditions - Summarizes the available foundation geology

and subsurface soil information. The available data were compiled into an ArcGlS
dalabase containing the maps from original investigations which were superimposed

on published surface and subsurface geology maps.
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. Appendix B - Waste Rock Dump Materials - Summarizes the available investigations
and data regarding the waste rock dump materials. Much of this information was
developed in conjunction with investigations evaluating the ability to leach the dumps
and improve metal recovery from the leached dumps.

. Appendix C - Summarizes geochemical conditions in a report by Geochemica, Inc.

The appendix also conlains informalion relating to the history of leaching and similar
information relating to dump geochemistry.

. Appendix D - Dump Progression - Summarizes a review of historic aerial
photographs showing how the dumps were placed and developed over lime. This
information is useful to oblain some idea of the types of materials incorporated into

the dumps. Current observations of the various dump areas are also included
neretn.

. Appendix E - Hydrology - Contains two technical reports: 1) a study by O'Kane

Consultants evaluating the infiltration rate ofthe dumps and 2) a study by URS
Corporation summarizing the surface water hydrology along lhe south dumps. lt also

mntains spreadsheets summarizing East Side drain flows, meteorological data from

snow and precipitation stations and other precipitation information.

. Appendix F - Debris Flows -Summarizes information regarding surface erosion
processes and, in particular, development of debris flows from lhe dumps, The
appendix contains debris flow modeling using the soffware program Dan-W.

. Appendix G - Dump Stability - Contains preliminary screening level stability analysis

of critic€l sections developed along the dumps. The analyses were based on
generalized conditions developed along the dumps and are intended to identify areas
where further investlgations are warranted

The following summarize the key findings in each discipline and area of study.

Major findings

A. Foundation Conditions

AppendixA summarizes lhe information that is available regarding the soil and bedrock
geologic conditions below the dumps. In most cases, these historic investlgations were

completed for purposes other than assessment of dump stability, yet yield useful data are
available regarding the conditions below the footprint ofthe dumps. The foundation soils and
bedrock below the dumps are now largely inaccessible even when using the most advanced
Sonic drilling methodsl.

In general, the surface and bedrock geology underlying the Eastside Waste dumps is well
understood and has been mapped in detail. Subsoil conditions beyond the toe of the dump
have also been mapped by a number of investigators, including private consultants, internal
KUCC studies and the UGS (Utah Geologic Survey). Due lo the historic nature of the dumps,

1 To T&l knowledge, the deepest boring s advanced th rough dum ps is on the order of 600 feet using lhe sonic

drilling method. Other methods have Iargely proven to be unsuccessful
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conditions below the exact footprint of the dumps must be elitrapolated from the historic
investigations and geologic maps. However, complete surface geology mapping is available
below the southern dumps. Soils underlying the dumps are expected to consist of colluvium
and residual soils derived from the underlying bedrock materials. Drainages have alluvial
materials derived from lhe underlying bedrock. Many of the ridges, particularly below the
south dumps, consist of bedrock ridges and outcrops, whose loc€tion is identified on historic
MADS.

In general, foundation conditions underlying the south dumps can be characterized as
primarily silty to clayey gravel soils with some layers of sandy clay with gravel underlain by
bedrock consisting of sedimentary calcareous quartzites and limestonqthat dip at a high
angle towards the Bingham pit. Numerous bedrock outcrops are present below the south
end dumps. Soils derived from these deposits consist of silty, sandy to clayey gravels. The
combination of more granular soils and bedrock outcrops provide much stronger foundation
conditions than those found to the North ofthe Burma Road. There have been no
foundalion-related failures below the South truck waste dumDs.

Appendix A also contains a compilation of the available field and laboratory data into a
(excel) database of foundation soil properties. Investigation locations and the available
attributes of those investigations were also compiled into an ArcGlS shapefilez to develop a
database of investigations and materials encountered in those investigations.

The original hislorical documents, as summarized in Table 1, have been compiled as
attachments to this appendix and are referenced but not included with this Summary Report.

Table 1 - Summary of histotic and supplemenlal founda on infomation

' A shapefile contains the locations of the investigations and an associated database llle containing the
idenlification, depth of invesligauon, materials encounlered foreach point in the file, which are collectively termed
"atributes'
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Atlachment A - UGS and USGS Geology Maps 2007 Utah Geologic Survey (UGS) map of soils

exlending beyond lhe toe of present day dumps.

USGS Bedrock Geology map of the Bingham

Canyon quadrangle

Attachment B - Historical studies

Summers, 1981, Hydrogeology and Effects of
Mine Dump Expansion on Ground Water Quality

The Hydrologic Effects of Increased Mine Dumps
Expansion on the "Nevada" tract in Butterfield
Canyon, Utah

lnvestigations for original leach collection dams
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The BLM reports summarizing the site conditions
below the South end dumps.

A reporl by Battelle summarizing the hydrology of
Butterfield Canyon related to the proposed dump
expansion into lhis area.

Attachment C
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Attachment in Appendix A - Foundation
Conditions

Descriplion

mapping below East Side Dumps mapping below the southern east side dumps
(South Dumps and Keyslone)

Attachment D

NAE (North American Exploration) - Autocad
drawings and cross sections

Autocad drawings completed during the
installation of the East Side Collection system cut
off wall showing exploration locations and

summarizing invesligation data.

Attachment E - 2007 Investigations Map of 2007 Test Pit locations

Copies of Test Pit Logs by NAE

Summary of laboralory classification, index
property and shear strength tests.

AttachmentF-2008AMEC Pipe berm road and desilting basin investigations

As summarized in Appendix A- Attachment D, detailed mapping of the soils is available along
the location of the Eastside Surface Water Collection System cut off walls. These barrier
walls were essentially constructed where the depth to bedrock was reasonably accessible
along the toe ofthe dumps. Conditions upslope of these cut off walls are expected to exhibit
less soil thickness, while down slope of the walls the bedrock depth increases rapidly. Many
of the soils present below the cut off walls were excavated and utilized in the construction of
the Eastside Surface Water Collection System, therefore many areas adjacent to the cut off
walls presently represent disturbed areas not suitable for supplemental investigations.

Allhough a considerable number of investigations had historically been completed beyond the
toe of the dumps, there was an absence of laboratory test data classifying the soils and
evaluating the foundation shear strength. Secondly, the historic (1975,1977)rail dump leach
collection dam studies focused primarily on the clay soil deposits, which tended to bias the
available strenglh information towards the weakest soil deposits. To improve our
understanding ofthe overall soil conditions, fourteen supplemental test pits were completed
in 2007 to obtain samples for laboratory index property, classification of bulk samples and
shear strength testing. These investigations are summarized in Attachment E and found few
undisturbed areas, as expected. However, the investigations did flnd that most soils are
gravelly, classifying as clayey gravels to gravelly clays north of the Burma Road. South of
the Burma Road the soils were predominantly silty to clayey gravels with some sandy
gravels. A deQqfiplt-9lr--al -tllqs.al!..typ-.e !S n*c=o! n t.e-I-e*d..-\vl-!hi.a.-!hesautlr'E]1d dre.ina!€s iS

provr-ded,lr App_g[ds-A, ]-a,ble &?___h-s9_!-qa L !:E!e.iq.l9..qi-t[r0.1!-9 dra]"[as9s..y.q)..1!9.n.
qlave v to silty q ravel ryi![_s_?n-d--t-o-.-sta-ve!y, se.ndy_c]e-y_ . F.a.r- -a.r]?_r,q,-ql_e_rtaa_l-o-a..p-q.rp,-q-qes.

I]rale_r_lalqdgge!-[ed_C9_SleyeLS_[aLe! alg_e]p€qtgdlg" br,c!.9l!_u!_og lpd!U! e{e_As!rS,ne_dj!,!e
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As part of the 2007 study, six direct shear strength tests were completed on suitable Shelby
tube samples of the clayey soils to estimate the drained shear strength parameters. Results
indicate that the clays classify into either low plasticity (CL) and high plasticity (CH and MH)
soils. The lowplasticity soils possess an average friction angle of 24 degrees and cohesion
of 1 725 pounds per square fool (psf) for the low plasticity clayey soils. A la.WeI*Lqund valgg

WIh a frictlol1.AngLe-_al 20 degrcp-q a!-d__q9_beCloJ__oj_140Q p,Cf_.W?-! .q-C-e_q]lplqlulyg]]e]Jsrs-
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Where gravel content exceeds about 60 percent, the shear strength begins to be govemed

by the larger particle sizes (clasts) interlocking and is subsequently higher. A friction anqlq d
35 deqrees anql soils.,.-Utilizing the strength
test data for the soil matrix in stability analysis is therefore conservative. The high plasticity

clays xhibited a friction angle of 11 degrees and cohesion of
1490 psf. . [hClefq]'€llhq9e values were

B. Waste Rock Material Properties

The WR material properties are summarized in the following appendices:

. Appendix B summarizes the (types, density, moisture content, shear strength)
characteristics of the WR materials,

. Appendix C describes the geochemistry affecting the WR materials, and

. Appendix D summarizes the sequence ofdump construclion

. Appendix F summarizes surface erosion processes and dump construction

A graph of the total waste tonnage developed over the life of the mine is depicted in Figure 2
Waste Tonnage. The early mine waste that was generated was placed on the hill slopes
above the mine on the north and \ /est sides. The total waste produced from early in the mine
life to the mid-1990's was on the order of 140 Billion tons with the majority of the waste being
placed after the 1940's on the east side of the mine. After 1995, the waste was placed above
the Markham dumps, Dry Fork and within Bingham Canyon with a small amount of waste
placed above the Yosemite dumps and above the uppermost East side dumps.
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(estimated fiom orc prcduclon and stiwing ntio)

In general, the dump malerials are generally very coarse€rained wilh the following
percentages of particles.

Table 2 - Summary ol Bingham 1 980 to ptesenl estimated orc and waste distibutjon

Type Ore o,/o Waste % Slze Distribution, Inches (percsni)

- 1 inch 1 to 5 inch 5 to 10 inch + 10 inch

Intrusive 68%

1910

320/0 50 16 +4

Quarlzite 240/0 41

Limestone

(south WR)

6%

Overall
waste size
distribution

Source: KUCC Internal data

;
Dat€ !g!j!!llg - @z(!8_Tgcl|!otggjcit EgeqqcesJly _Lil]ileq _.
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Based on investigations completed within the dumps, the available gradation data indic€te
that the majority of the dump materials have relatively low fines content3, generally less than
20 percent. The majority of the particles sizes are gravel size or larger, ranging to very large
boulder size at the base of the dump due to particle segregation during placement. Larger
size particles have not been adequately sampled at depth, due to restrictions in the drill core
diameter. However, surface observation cleady indicates the particle segregation that occ1lrs

down a dump face flId.tends to concentrate the larger particles at the toe of the dumps.

Field density data suggest that the surfac€ ofthe dumps have a total density between 125 to
130 pcf (pounds per cubic feet). Kennecott mine data suggest an increasing density with
depth. The dumps are generally considered to be permeable at depth, although the dump
surface may exhibit very low permeability and infiltration. Surface areas of the dump have
been subject to cementation and "plugging" when leached, as indicated by the lower
permeability values ol 10-6 to 10'8 cm/seq.{_d 9_c.gFs.r9.4_ ql_!.e_?L.g-Lld_q-S9_ld-ll_rfel91.g1d

p_9_|u1eeb!!U jF_plgJid_eg!'il]fe__Q]l1a[_e_r_ep_oj_!!eQc]tF,qj!.A!!_erdix E 1,,The surface
cementation was an ongoing problem during dump leaching operations where banen, acidic
solution had a difficult time penetrating the dumps. The lower surface permeability of the
dumps was also attributed to "plug dumping" and the nearly horizontal layering caused by
dumping materials on the surface and then spreading the material by dozer into near
horizontal lifts. Ayarlable,p_Cryre,a b!!ily..!qs_!-q-, _tA -[e_LSW_tLlC_d 

u-!]p_!_u da_S-_aILS Unr ltaiized in

IpDIC_9'.Q_AId rld!!4LCS9ll'-e,ral]y-p,eI]:IlCgbLe_,QQ.!-qLi.tSt:i!_qte, p-.res,e n !-Uelo!y.th e upper llll_fitti
surface

There is little information suggesting that the dump materials degrade in strength over time
due to geochemical decomposition. During end dump placement, it is observed that the
larger rock particles bounce and break apart as they roll down the end dump slope. This
process tends to break the rocks apart along natural planes of weakness into their stronger
constituents. Secondly, waste rock materials are generated by mine blasting, which also
breaks the rock apart along any in-situ bedding, joint or fractures. These observations
indicate that the rock materials thal end up along the base of the dump are the most
competent gll1'b_ulden materials from the mine.

It is expected that under the very high dumps, the stresses result in particle crushing which
reduces the shear strength with depth. A generalized non{inear shear strength range was
developed as part of this study, The shear strength envelopes were developed based on the
angularity of the partides, the high stresses and published correlations between stress and
shear strength. The non-linear envelope is based on the average material characteristics
(quartsites, sedimentary deposits, etc.) using the Barton rockfill interlock criteria (2008) and
the Leps (1970) chart. The best estimate envelope oflhe waste rock strength based on
using a variety of methods to assess lhe range in dump material strenglhs (described in

Appendix B) is shown on Figure 3.

' Technically, the fines content should be the perc€nt passing the no 200 sieve; but sometimes, the term
"slimes" have been used In the available refercnces. Slimes mav be Darticles sizes down to the no. 325

s|eve
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G. Geochemistry

Geochimica lnc. was retained to evaluate the geochemistry of the dumps. They participated

in field investigations and split samples with O'Kane Consultants (OKC) to complete
laboratory chemical tesls of lhe waste materials. Laboratory work was performed at the
Kennecott Environmental Laboratory (KEL) Geochimica reviewed the relevant geochemical

information from Kennecott and other technical studies, synthesized the historic and recent
data to the extent practlcable, supervised acid-base accounting and mineralogical studies on

the near surface test pit samples obtalned, and interpreted the geochemical results in terms
of impact on shear strength. The major findings by Geochimica include:

. In the Castro pile, cap-rock and test pits containing predominantly intrusive rock have
low pH and elevated conductivities. However, one test pit, (TP06) was excavated
into predominantly calc-silicate rock. Below the intrusive cap, the pH of this material
remains circum-neutral (pH 6.88-7.6), and the conductivity values fall toward the low

end (near 2,000 pS/cm) for all samples tested.

. The finer fraction (silt and smaller-size) of the samples has lower pH and generally

somewhat higher conductivity, as compared to the coarse fraction.

. The bulk-sample paste-pH values measured immediately after excavation tend to
have distinctly lower paste-pH and paste-conductivity values lhan those measured
several weeks later. The reasons for these trends are not known at this time.
Perhaps, there has been some precipitation of low-solubility phases that incorporate
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some of the labite acidity, as, for instance, hydronium (H3O.) ion in jarosites that do
not redissolve in the paste procedure.

. Although moisture contents below the very-near-surface of the piles were low and the
system was entirely unsaturated, in a number of areas there is moist, warm to hot air
venting upward through coarse layers in the dump. Some vents reach the dump
surface, where they appear as wabr-vapor "fumaroles" on cool days.

. Static acid-base accounting data have been reported for the samples obtained.
Portions of the Castro pile that contain calesilicate clasts have sufficient
Neutralization Potential present, despite the presence of pyrite, to have positive NNP
values. Measured values of carbonate-carlcon in these samples indicate that the
initial NP is present as calcite and can be relied on in such rocks to provide available,
not just potential, NP. No samples from Keystone or Midas contained any
measurable carbonate-carbon.

In the northem dump surface samples, essentially all the rock clasts sampled were quartzite.

In two of three Keyslone samples, inlrusives (monzonite) predominate the clasts, whereas in
TP-03, there is abundant quartzite. In contrast, the sample from Castro includes not only
quartzite and intrusive, but also a significant fraction of carlconate-bearing calGsilicate.

From a mineralogical perspective, the following were found:

o The only secondary minerals that appear as coatings and cements are iarosite [(K,
H30-)Ferr(SOlh(OH)5) and ovosum (CaSOr'2HzO). Although very tiny amounts can
be identified in SEM-EDS investigations, the effective absence of goethite (FeOH) or
its predecessor, ferrihydrite (Fe(OH)3) is noticeable. There is no signif cant chemical
or mineralogical difference between lhe jarosites in the leached sample from Code
51 and the iarosite in the unleached samples from Keystone and Castro.

. In the Northem dump samples, there are few to no carbonates present, but limestone
remains inside partially skamified clasts in a Castro sample. This is consistent with
the Neutralization Potentials for Northem dumos which are close to zero for all

samples with paste pH < 4.5. At Castro, where the samples contain the calc-silicate
clasts, the paste-pH values are all close to pH 7.

. There are no identlfiable examples of either newly-formed clay minerals or
secondary, amorphous silica. There are rare clay minerals in some of the intrusive
fragments, but these appear to be hypogene hydrothermal minerals that do not
reflect clay generation in the pile afler mining. The only silicate mineral that shows
alteration is biotite.

In summary, the following conclusions were made regarding the geochemistry of the
Southern Eastside WR dumos:

There is no evidence from the new or old Kennecott mineralogy reports that feldspars
and other alumino-silicates are being converted to clay minerals at rates that lead to
observable amounts of clay minerals (in periods of several decades)

There is active precipitation of secondary, cementing minerals, largely jarosite

IKFe(SO+)IOH)e] and lesser amounts of gypsum (CaSOq,2HzO), in both leached
(Code 51) and non-leached (Keystone and Castro) dumps.
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. The mineralogy of the c€ments does not depend on the liihology of the local clasts.
The cements relate more to the presence of pyrite.

. The amount of cementation is presently greater in the leach dumps than in the non-
leach dumps because a significantly higher flux of Fe3* and SOr2- has passed

through the leached dumps.

. There is no reason to expect that the fenic minerals precipitated in the waste-rock
dumps would become chemically unstable and dissolve. Over time, they may

convert to a more goethiteJike fenic hydroxide (FeOOH), but this is expected to
occur over @nluries or even longer and would leave the dumps still iron-cemented.
Gypsum in very shallow zones may be subject to dissolution and re-precipitation
cycles during shallow infiltralion events, but this is unlikely to be important more than
a very few meters below the ground surface.

r Because the geochemical processes are identical, the non-leach dumps will evolve
toward condrtions such as those seen in the leach dumps [i.e., increasing
cemenlation (cohesion) over timel. However, because the rates of cementation are
controlled by iron and sulfate fluxes, it would take a long lime for the degree of
cementation seen in old leach dumos to occur in non-leached dumos. and the full

extent seen in the leach dumps is unlikely because there is not enough iron in the
waste rock to achieve the amount of cementation formed in the leach dumps.

. Geochemically, dissolution of particles as a mechanism for grain-size reduction,

break down of particles and accelerated weathering does not appear to be occurring
at a significant, measurable rate. Such weathering in the dumps would occur over
very long time periods.

o Oxidation of pyrite within the dumps precipitates jarosite, gypsum and other
compounds. Over time, such precipitation could fill up to about 25 percent of the WR
void space. lf this extent of cementation actually occurs, such precipitates would
cement the particles and could produce perched water table conditions (or
significantly increase the degree of saturation at these locations) in dumps that are
currently drained.

Based on the lack of neutralization potential or other arresting physical conditions, the waste
rock piles are qlirl9lllll Bglrygqrrd expected lo remain geochemically active well into the
future. Qon.Jltplp-g r e*!le i-gjp te. 1 he,i!.. !S ,f.et-rtstlil sij-r1lili_!c, !!Ir9Jt_c*olLCI _the IU!r!_e_

Future meteoric inflltration will be much slower due to the neutral water and lower percentage

of the water that inflltrates the waste rock dumps.

In conclusion, lhe tendency for the dumps will be to cement and increase in shear strength
over time. There are little to no data supporting a break down of the particles to clay
materials or a reduction in shear strength. However, the precipitation of jarosite and other
compounds could, if advanced sufficiently, create "perched water tables", and/or increased
saturation conditions within the dumps. The net result of weathering and the geochemical

reactions is an increase in cementation (and corresponding decrease in permeability) over
time.
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D. Dump Progression

To gain an understandrng of how the dumps were advanced over time and in general where
the overburden materials were placed within the dumps, historic aerial photographs were
reviewed to determine the extent of dumps at approximate 10 year intervals. The
construc{ion of the all the dumps is described in Appendix D. The exlent of dumping is

shown on Figure 3 and summarized on Table 3.

Table 3 - Summaies of the aF-as where mateials weE placed overtime:

Date Range Location of Primary Waste Dumps Color on Flgure 3
and D-2 through
It6

Priorto 1940's Markham (north) and west wall of pit lNote: some ofthese
(>70 yr old) matedals were subsequently re-mined.l

1940 to 1950 Along south slope oi Bingham Canyon via rail

(60-70 yr old)

Purple

1950 to 1960's Extending oulward from Bingham Canyon and around the Blue

(50 - 60 yr old) East side via rail

1960's to 1970's Extending oul from Yosemite notch and extending turther Green

(40 - 50 yr old) south along the Eastside (rail and truck). Some waste
being placed in Dry Fo

Mid 1970',s

(-4s yr old)

Extending further out along North half of East Side Light green

1980's High truck waste dumps established late in the 1970's Yellow

(20 - 30 yr old) immediately norlh of Yosemite Notch. Toe of East side rail

dumDs was extended. South dumDs were established.

1990's Material placed in Dry Fork Canyon and in South dumps

(10-20 yr old)

Orange

Bingham Canyon dumps developed Not shown in color

The Yosemite and Saint's Rest (south) dumps were initiated in the late 1960's with waste
from the south pit slope. In the late '1 970's to early 1980's, most waste was hauled through

Copper and Yosemite notch. The south dumps were a maior deposition area.
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Figute 4 - Extent of dufiping al approximately 1A yeat incrcmenls in time.

E. Hydrology

A summary of the available hydrology studies regarding the WR dumps reviewed in the
preparation of this summary report include:

. E.1 A study by O'Kane Consultants (OKC, 2006) evaluating surface water
infiltration into the East Side Dumps.
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E.2 A study by URS Corporation (February 2009) evaluating the surface water
hydrology of lf_-e-.Yeqe.,lt te df arnage.a.rLd lhe South End dumps

E.3 Spreadsheets summarizing the annual Snow Water Equivalent data, the East
Side Collection System flo\,vs and Water Balance.

E.4 Ground water monitoring well and surface water data.

El. Surface Water lnfiltration

OKC was retained to evaluate the moisture infiltration characteristics of the waste rock
dumps To accomplish this task, OKC sampled eight test pits on the Castro, Keystone and
Code 51 (Eastside Rail) dumps. Gradation and index property testing was completed on 34
bulk samples of the surficial waste rock materials. OKC supervised the installation of PVC
access tubes to a maximum depth of 16.5 feet to measure changes in near surface waste
rock moisture content with a portable moisture probe. Lastly, OKC completed field
permeability tests on the near surface waste rock materials. The analytical phase of OKC's
work included soil-atnosphere numerical modeling to evaluate the overall influx of surface
moisture to the dumps.

OKC found a relatively consistent surface layer extending across most ofthe dump surfaces
The surface layer appears to be associated with construction of roadways and surfacing of
the dumps, which is consistent with information from KUCC operations personnel. The
surface layer is relatively well graded, ranging from rock to sand to silt and clay size particles.

These laye(s) help to reduce net infiltration because of lower permeability and increased
moisture retention, which leads to higher rates of actual evaporation during summer monlhs.
Field-salurated hydraulic conductivity values for surface material lested on the Keystone and
Castro dumps ranged from 1 .4 x 10-6 cm/sec to '1 .0 x 10-3 crn/sec.

Soil-atmosphere (infiltration) modeling results were based on 20 years of climate data
measured at the Salt Lake City NationalWeather Service Field Office (NWSFO) and
estimated hydraulic properties for lhe waste rock malerials (i.e , saturated hydraulic

conductivity and moisture retention). The preliminary modelling also focused on a 12 m thick,
one{imensional waste rock profile, with a 0.3 m thick su rface layer (as described above) and
a 11.7 m thick layer of intermediately graded waste rock (indicative of the average material
found on the Keystone dump). lt is important to note that the models at this stage are one-
dimensional and, assuch, surface runoff to topographic lows is not accounted foras yet. In
reality, surface runoff to local topographic lows will occur, and if any cracks, fissures, or "day-

lighting" of coarse zones occurs in this area, then net surface infiltration could be signiflcantly
higher in these localized zones as a result of the accumulated surface runoff.

Based on their sampling and analysis, OKC found that the average net infiltration value into
the dumps was on the order of 15 to 20 percent of the annual precipitation. The maximum
infiltration rate was estimated to be 30 oercent. There are variations in the infiltration value

throughout the year, so lhe values cited by OKC should be considered as a range of net
infiltration. In addition, this value will range from yearto year, depending on the time and
form of precipitation, and in relation to potential evaporation conditions. Precipitation as snow
and rainfall that occurs during low evaporalion conditions, most likely results in higher

Report numberi Page 19 of 31

Date \Eglllfl - 92OqO Technologi€ Resources Ply Limited -r

Deleted: 12094-02

Formatted; Font: Not Bold

Deleted: 'i 2094-02

Formattedr Font: Not Bold

Deleted: Oct-20-09

Deleted: J!l-3049



infiltration. However, precipitation as summer rainfall is stored near the surface and is

subsequently evaporated from the profile, resulting in essentially no percolation to deeper
waste rock. Hence, generally, inliltration to the deeper waste rock profile for any given year

is a function of the volume and intensity of winter precipitation. Fumaroles on the dump
surface also vent moisture from within the dumDs from unknown deoths and release some of
the infiltration moisture. Leach collection flow monitonng shows seasonal variations in the
water emanaling from the dumps, suggesting that the dumps drain that water that has
infllrated in accord with prior KUCC studies. Soil moisture tubes installed during this study
and monitored from April to November 2007 suggest very limited soil moisture changes
below the upper 10 inches ofthe surface.

E2. Surface Water Hydrology (2009 URS report)

URS Corporation (URS) evaluated the hydrology of the 2008 configuration ofthe South End

Waste Rock Piles. URS included analyses ofthe hydrology that comprises a 10-yea\ 24

hour slorm event, and a specific event tha't occurred in July 2007 that led to sediment that
traveled beyond the property boundary.

URS summarized various events based on the National Oceanic and Atmosoheric
Association (NOAA) precipitation frequency atlas of the maps for the western United States
Table 4 shows selected few retum intervals along with the rainfall deplh to be expected given

soecific storm duration:

Table 4 - Prccipitation Frequency Eslimate NOAA Atlas 14 (inches)

Annual 15 min 30 min t hour 2 hour 24
Exceedance hour
Probability

2 years 0.28 0.38 0.47 0.59 1.39

10 years 0.53 0.7'l 0.88 1.02 2.Og

25 years 0.70 0.94 1.16 1.32 2.44

100 years 1 .0 1 .39 1 .72 1 ,91 2.98

The South End drainage system consists of seven individual drainage basins. These basins,
from north to south are: Yosemite, Saints Rest, South Saints Rest, Castro, Butterfleld, Olsen
and Queen, In all, the South End drainage system covers approximately 1,213 acres of
disturbed and natural areas. The tributary areas consist of three very distinct topographic
featu res,

the disturbed areas of the waste rock pile flat upper surface areas

the disturlced waste rock pile slopes, and
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. the undisturbed areas forming the natural canyons of each basin.

An estimate was made of the sediment contributed by the dumps to the mllection systems at
the dump toe. The SEDCADfl4 (Civil Software Design, LLC) model software (Warner, et.

al.,2006) was used to evaluate runoff. SEDCAD4 stands for "Sediment, Erosion, Discharge
by ComputerAided Design". SEDCAD4 is a key core soflware component in the U.S.

Department of the Interior, Office of Surface Mining's Technical Innovation and Professional
Services (TIPS) program and is often used for permitting and design of control systems for
abandoned mine lands. The SEDCAD outout is described in detail in Attachment E.2.

The highest reaches of the basins mnsist of approximately 327 of the acres of disturbed land
that occurs above the crest of the waste rock piles. These 327 acres consists of relatively flat
land that is divided into three sub-basins. During larger storms, these three sub+asins
potentially contribute flows to the Yosemite, Castro, and Olsen basins.

On the steeper sections ofthe waste rock piles, runoff is rapidly channelized and directed to
rock check dams, meandering channels, stilling ponds, and storm water sedimentation
ponds; from there, water is conveyed to cement cut-off walls where it is transported via
gravity pipeline eventually discharging into the storm water collection system, where il flows
to a treatrnent plant or lined reservoir. The system as a whole is referred to as the East Side
Collection System.

Table 5 provides the areas contributing flows to each basin and the sedimentation pond

storage volumes. The runoff coefficients used in lhis analysis are considered to be on the
conservative end of the input criteria, meaning that water is calculated to report more rapidly
to the basins than it may in the field.
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Table 5 Contibuting Areas and Sedimentation Basins Volumes (aftet IJRS, 2008)

Basin Yosemite
Saints
Rest

South Saints
R€6t

Castro
I

Castro
2

Buttertield O16en Queen

Ar )C ut-Off Wall (Acres)

Disturbed
(Top of
Waste Rock
Pile)

222.8 None None 't2.6 None 91.6 None

Disturbed
(Sloped

areas)

cz.5 61.4 20.8 50.1 12.8 16.2 37.5 YO

Undisturbed
(Sloped

Areas)
922 48.4 79.9 32.7 19.7 21.3 25.5 216.8

TotalArea
(Above Cut
off Wall and
below the
Top of the
waste pile)

144.7 109.9 100.6 82.8 32.5 37.5 63.0 226.4

Areas B ut-Off Wall (Acres)

Total Area
(Below Cut-

offWall)
59.4 14.7 89.4 54.7 55.5 JJ.Z

Total Area
(Above and

Below Cutoff
Wall)

204.1 124.6 116.4 204.6 92.2 'I 18.5 261 .6

s

Sediment
Basin
(Above Cut
off Wall)

1579.3 10455.4 None 1952.8 1477.5 2513.5 None

Sediment
Basin
(At Cut-off
Wall)

789.7 44.5 303 3 77.3 238.4 136.6

Sediment
Basin
(Below Cut-
off Wall)

80241 .2 50154.1 23481 .2 170 5 1361.4 1635 1
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Table 6 summarizes the hydrocadd and SedCadd modeling results.

Tdble 6 Summary ot HydtoCAD and SEDCAD Models Results (aftet IJRS, 2OOB)

*. Upper Castro Cutoff Wall

It was found that the existing drainage collection facilities in all seven watersheds are
sufficiently sized to convey the 10 yr.l 24 hr. storm event. Saints Rest and Butterfield have
capacities just short ofa 100 yr.l 24hr. event. Queen has capacity just short of a 50 yrl 24 hr
event. The capacities of the collection system for Yosemite, South Saints Rest and Castro
basins are exceeded by a 25 y(.l 24 hr. event. A discussion of the time of concentration
values used to generate these results is described in the URS report contained in Appendix
E.

E3. Water Balance and Flows

A plot ofthe East side collection system drain down from the period 1999 to 2000 following
leaching is presented in Figure 5. Following the initial drain down, the annual cycles of water
flow through the dumps and to the Eastside Collection System is shown on Figure 6. These
plots reveal a permeable system that drains rapidly. ll],C ,cSr,!_elq_tron,q9,!W99! ![9,_D.ry.f-al!
(F!Ctell.il-41q. nrtd tlt.q _vBl.r?!lqlt itt !rr,C dg!!t!,f.lSrr,9 s[9w1.r q1 Flgqrq 7 fq[ !h9- -2qQ2--9- !_v,A]-e,l

yea|s- These drain down flows are empirical evldence that the dumps are permeable and a,s

q-]Csu[.are unlikely to support a high phreatic surface.
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Figurc 5 - Drain down of the Easlside dumps following cessation ot teaching.
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The drain down analysis and the dump conslruction indicate that one would expect the
dumps to be J,vell drained.

F. Debris Flow Analysis

Debris flow events are the most probable types of mass wasting that could occur in the fulure
(as compared to deep seated slope instability). The size of potential debris flows based on
historic events is described in Appendix F. The east side waste dumps have experienced a
number of debris flow events over time in addition to the surface erosion or mass wasting
processes described above. Erosion on the surface of the dumps is evident on aerial
photographs and this erosion can be attributed to both surface erosion and periodic debris
flows caused by surface water flow. The documenled debris flow events lhat have occurred
are summarized on Table 7.

Table 7 - Summary of Histotic Debis Flows Documenled at KUC

Date Location Raintull, In/hr &
duratio n

Maximum extent
of depositsa

Quantity , comment

'1967 Castro Butterfield Creek Reportedly dammed up
porlion of creek

1979 isarr rl s Rgst Not applicable;
debris flow caused
by excessive dump
leaching

Contained in
prarnage

Large failure due to

excessive leaching for
30 days.

1983 -
84

Various High spring runoff Some deposilion in

Bufterlield

Yellow-brown layer

encountereo
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Date Location Raintall, in/hr &
duration

Maximum ertent
of depositsa

Quantity / Comment

downstream of the
Canyon mouth

June 9,

1997
Olsen

drainageA
1.32 inches in 1

hour; 1.27 in 30
mtnutes

Bufterfield Creek 750 yd3 or about 11OO

tons; 50% had been

contained in Olsen

struclures

August
4, 1997

Castro Basin

ovenopped
Antecedent Precip:
1 inch; prior to
event: 0.58 inches

Traveled along

access road to
Butterfield Creek &
then to irrigation
system

1998 Olsen Butterfield Creek Plugging of pipe

Sept 3,

2005
Castro Gulch Unknown Butterfield Overflow from collection

pipe into Eastside
Collection System

2006 Castro Unknown Contained on
propeny

Jvly 27,
2007

Yosemite URS 2009 report Butterfield Creek Filled Yosemite basin
(see URS reporl)

Notes:

A - Most of the debris was conlained on KUCC property. A 4 feet deep gully extending to the crest of
the Olsen dumps was observed corresponding to an approximate volume equalto the reported
release.

To evaluate whether the debris flow material will be contained on KUC property, aerial
photographs were evaluated to develop input parameters, the topography was evaluated and
debris flow run out analysis using the software program DAN-W were completed. The
analyses found that:

The historical review of scars showed that debris flow scars are periodically evident
on the dump surface and represent slumps and / or potential sources ofthe debris
flows.

The size of gullies was estimated, which yielded approximate values for the erosion
that may be occurring from the dumps,

Two mechanisms for the occunence of debris flows were developed:

o Overtopping of the dump crest by water, which was originally the postulated

cause of the debris flows.

o Daylighting of a perched waler table near the dump crest.

. The effect of varying the geometry and grade changes along the toe of the dump was
evaluated using Dan-W. The Dan-W modelling demonstrated that flattening or stair
stepping the apron at the toe of the dumps would decrease debns flow velocity,
causing the debris flows material to deposit priorlo reaching the catch basins under
most conditions. This would allow the basins to store the 10 vr 24 hour storm vvtthout
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the basins filling with debris. Secondly, increasing slope steepness in the deposition
area would ultimalely increase the run out distance. These results were found to be
valid provided that the debris flow itself does not become too fluid by incorporating
water into the debris flow as it travels.

Debris flow type of events that cause the erosion and gullying observed on portions ofthe
dumps are likely to continue unless mitigation measures are implemented. Modifications to
current dump surface drainage pattems have been recommended and are being
implemented at the dump crest and toe. lt was recommended that the catch basins be sized
to contain both a reasonable debris flow event found to be approximately 1000 yd3 of matenal
and the 10 yr 24 hour storm event. Debris flow run out analyses indicate that debris flows
can be retained on KUC property wilh necessary cleaning and maintenance of the debris
basins.

G. Waste Rock Dump Stability

Based on a literature review, the mapping compiled to date and screening level stability
analysis, the following empirical conclusions were made:

The waste dump materials have already been subjected to a number of factors
potentially conlributing to a reduction in shear strength. These factors include: acid
leaching, elevated temperatures, low pH conditions, and high stress levels. The
dumps exhibit few indications of movement (settlements, tension qacks, toe
movement), indicating that from surface evidence, the dumps are stable.

Periodic survey monitoring along the dump crests indicate that the dumps are settling
gradually over time (less tha!,10 inches yearsol, but there is no indication of
accelerated movements or general slope instability.-_fhe Wryev mel]rtqruq ploaram

F_p_A[_S qr_qlluqLrql ing]]4lqs minimum monthlv
inspectio nq-ellllhCllqlF__clq9! a nd _teC.

As long as the efiect of weathering is to create a "weathering rind around the WR
particles," increased temperature and weathering are unlikely to significantly modify
the frictional components of the WR shear strength, Conversely, the data are
suggesting that the cohesion component of shear strength is increasing, thereby
increasing stability.

The available data suggest that the maiority of the dumps are well drained and do not
possess an elevated phreatic surface(s). However, the South dumps are known to
have had perched water table conditions. Geochemical predictions indicate that
about 25% of the pore space of the dumps may eventually fill with jarosite or other
precipitates in the very long term. Therefore, additional data are required regarding
the phreatic surface condilions in the South dumps, as well as in-situ moisture
conditions.

Historically, stability of the waste dumps has been a function of foundation material
types, geometry, foundation loading rates and a number of other criteria, These

: --T-he,Ca!,usl-[.e4!!Ig!-e-!!q l'e!]ged lrcn 1a !a J q 
!.'r,c 

j! ci.t0lr-Lag!0g. p,ss9rQ.,e !,.?.v.e-qt !lr_9.!q-Lq_etq _o_|-qgr! clJrlsk

Report numberrulq!:qe _ .. , ?ase-21 !-e!

Deleted: ranging in order of
magnitude qf +2 to -

Deleted: 12094-02

Deletedr 12094-02

Formattedr Font: Not Bold

Folmattedr Font: Not Bold

Formattedr English (U.S.)

Deletedr Ocl-20-09

Del€ted: Jul-30-09



parameters were identified as being critical to deep seated dump stability during
operations. From a long term stability perspective, the range in foundation material

strengths is considered to be the most critical factor to a flnal qssessing dump

stabilitv.

srsgs-tloi- Jrcih-q!-]il9l!1a!9!
q ! u!]pg,lh-q-dgq!9-q are we!]

f1q_i1ed and do not possesq_,qq€lcr41led_plIee!i-c--C1rd_A_S9,_,_Q!_qtp drain down data

,,H.9.-w9.v-q{.p-qrcb9!-wa1er'tau-e-99nd&-!]s
have be_91_q[9p149!U,.]!he Casuo.d_q!rrp,s,_a!_L!l*!his lq att!!g_!q_q,!Q a prior attemot to

lhe 1980 s. There is no
pla[ I9-.]9aq[,11]c_s-sqh-d-!Lo!_s_i!_the..f!!tq!.-e_..f_oi lhrg qn-d-.,o_lher.r_9_a9,q!_s,

Cross sections for stability analysis along the principal drainages were developed based on
10 feet contour spacing, except for the South dumps where 2 feet contours were available.
Screening level stability analyses were completed to assess the likely factors of safety for
deep seated slip surfaces. Because exact conditions are not known below the dumps, the
stability analyses were completed using a range in foundation and waste rock material
strengths versus site specific values. The stability analyses assumed the following:

. Shear strength of waste rock materials is reasonably modelled by the non-linear

shear strength envelope developed herein. The waste rock strength was
characterized by an upper bound, lower bound and average range. The average

value was sel to coincide with the Leps (1 970) values. Strength properties for the
primarily quartzite materials represenl the upper bound envelope, while the lower

bound estimate is represented by the sedimentary units. The non-linear envelope is

shown on FigureS.

. The foundation shear strength is based on lesting a limited number of samples
obtained from beyond the toe of the dump, The foundation was dlaraclerized as

either having an intermediate silty clay foundation or a sandy, silty, c]_ayey gravel

foundation. lt was conservatively assumed that the foundation soils were at least 10

ft thick below the entire footprinl of the dump. The clay strength range is described in

Appendix A.

. In general, T&l have assumed that the dumps are relatively well drained and do not

support a high phreatic surface. The stability analyses assume the base of the dump

is saturated, and that the phreatic surface extends 5 feet uniformly above the dump /
foundation interface. This should be a reasonably conservative assumption, but

actual data supporting a relatively low phreatic surface would be useful. lhe
gxception is the Yosen]ite d qtrp-_Cl]alyCE...W1tele-,Alel-e..Vq!,e-.d'p_]1|;9gti.c- qu!1e.ce*u)*q

p-99n-9gu99l91lvel.y..q9--s-!,{u,q-d

The following matrix of assumptions was used to complete a probabilistic, screening level

stability assessment of the waste dumps. In comparison to traditional deterministic stability

assessment, this approach should be considered a non-traditional method.

Table 8 - Matix of Waste Rock and Foundalion sheat slrcngth pa.amele's

Dump Foundation
Conditions /
Strenqlh

tlpper bound
Wasts Rock

Average Waste
Rock Strength

Lower Bound
Waste rock
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Parameters Strength strength

South Dumps

Yosemite and
Saint's Resl

Lean Clayl

i--29-dss
Coh = 1409 pgJ

X X X

.clavev. S_a!dv

Gravel w/

d=35deo
Coh = 500 psl

X X X
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The above matrix of WR and foundation material properties required six stability calculations
per cross sec{ions. Assuming that the upper and lower bound estimates for the WR and
foundation soils represented values one standard deviation from the mean (actual) value for
the WR dumps, the probability of failure was statistically calculated using a "point estimale
method" (Harr). The point estimate melhod assumes that the lower WR/lower foundation,
lower WRi/upper foundation, upper WFi/upper foundation, upper WRyupper foundation,
average WR/lower foundation and average WRyupper foundation strengths statistically
identify the range (assuming +/- one standard deviation) of possible factors of safety for the

dumps. The probability that the factor of safety lies within a given range can be calculated.
These calculations can therefore be used lo screen which areas require further field
investigation to quantify the aclual stability where it is in question. Likewise, where the
statistical range in stability meets or exceeds accepted criteria forWR dump stability, no
further analyses are warranted.

Results of the tability calculations are summarized in Appendix G and Table 9.
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Table 9 - Summary ol KUCC Waste Rock Dump Stability Analysis

Cross
Section WR shear strongth lean clay

Saint's Rest Lower bound

best - Leps 1.45

gravgl

1.3

2.4

2.7

1.1

1.7

2.45

Yosemite

Upper bound 2.O

Lower bound

best - Leps

Upper bound

Satisfactory; FS > 1.2

Marginal: 1.0 < FS <

1.2

More Data Needed: FS
< 1.0 (based on

assumptions)

2.45

'I 0

't4

Details of the stability analysis and findings are summarized in Appendix G. lt is noted thal
a tactolot safety of gpou! '!.p rya.s- ..

calculated forJhe lowel bound \!a$e!0itg dum cun€ntly exhibitggood sta.bility. This -
observation is attributed to the conservatism in the Darametric inDut assumotion
elevated ohreatic surfale_lspg and is only an indicationpr conservatisr! in the input
parametersyersus being a reflection of instability. Because there is uncertainty in the
continuity of the soil conditions, the calculations found that the stability of the Yosemite dump
could be low. However, because a factor of safety of 1 .0 was calculated, it is certain that the
parametric input assumptions are conservative and the actual factor of safety is higher, as
there are no indications of instability noled on the dump surface, Based on the underlvino

qrde-djsclhe

second @SC. a continuous low plastic clav was assumed as before however the ohreatic

Using the best estimate value on the lower bound foundalion strength, the traditional factors

of safety for Saints Rest and Yosemite dumps are 1.45 and 1.4, which are both above the
target factor of safety of 1 .2.

Conclusions

Based on these findings, data obtained to date indicate
the dumps are cunently stable and are expected to remain so into the future. However,
quantification of the degree of stability is cfiallenging and to improve our understanding of
long term stability, additional field and laboratory testing is warranted should additional
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Section A-1 - Executive summary

Project purpose

This appendix summarizes a literature review of the information available regarding soil and

bedrock foundation conditions below the KUCC East Side Waste Rock Dumps. Although
information from early work below the Northem dumps is referenced where necessary, the
data presented is primarily below the South Dumps.

Major findings

Evident from inspection of the bedrock geology map and the surficial geology map is that the

foundation conditions underlying the north and south dumps can generally be characterized

as follows:

North of the Burma Roadl, the underlying bedrock geology is predominated by
Tertiary age volcanic deposits. Above these Tertiary deposits is a mantle of
colluvium derived from sedimentary units. At some locations there are residual clay
soils derived from the bedrock units. The clayey weathered bedrock and soils are
most prevalent below the northernmost rail dumps and isolated areas of clayey soils
are present below the Keystone truck dumps.

South of the Burma Road, the bedrock geology consists of sedimentary calcareous
quartzites and limestones that dip at a high angle. These geologic units form many
outcrops and present signiflcantly more competent foundation conditions than below
the norlh dumps. Soils present below the south dumps are considerably more
granular and classify as silty to clayey gravels and sands.

I The Burma road is the fomer (now abandoned) access roadway to the Yosemib truck shops and is readily

eyidgnt because no yrraste rock materials ale presenl along this area The current Larl access gate is situated at lhe

eastem end of this roadway.
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Appendix A - Foundation Conditions

Soils below the WR dumps are largely residual soils developed from the underlying geologic

materials. Some ofthese soils have been transported down to the drainages by mass

wasting and fluvial processes.

A.1 FOUNDATION BEDROCK GEOLOGY

Detailed petrographic descriptions of the geologic units in the vicinity of the Bingham Pit can

be found in the (1975). More recently, the
geology in the Copperton Quadrangle has been mapped by the Utah Geologic Survey, (Biek,

et al 2007). The Bingham bedrock geology of ihe area is shown on Figure A-1 and the

surficial geology is shown on Figure A-2.
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Figurc A-1 - Bedrcck Geolow ol lle Bingham Mining Disttict (after Babeack, et al, 1997)

Based on descriptions contained in Babcock (1997), the geologic units are described as

follows:

Sedimentarv Units: Pennsylvanian and Permian Systems Oquirrh Group

Pobp, Butterfield Peaks Formation
This unit is the most abundanl rock type in the southem Dortion of the dump area and

extends southward from the high (keystone) truck waste dumps. The units include calc-
quartzites, limestones and fossil{earing limestone. The upper portion of the formation is
primarily a calcareous quarEite. The unit exhibits a moderate to steep northwestedy dip from

Butterfield Canyon towards the Bingham open pit at angles from 25 10 65 degrees.

lntrusive Rocks: - Tertiary Units
Volcanic units underlie the majority of the Eastside Rail dumps and most of the Truck waste

dumps. Alluvial units derived from quartzites upslope of the Tertiary age rocks are also
present in the drainages. Latite porphyry dikes and sills outcrop below the South dumps and

trend in a northeast - southwest orientation. The volcanic units include the following:

TiLp, Latite Porphyry
This porphyry is exposed in a small area immediately adjacent to and east of the town of
Lark. The unil is typically a medium to light gray biotitic, hornblende latite wilh an aphanitic
groundmass and approximately 40 percent phenocrysts. The unit is generally found

occurring as sills paralleling the bedding of Butterfield Peaks formation discussed above.

Tvb, Latite Breccia with Interbedded Tuff, Sands and Gravels
The rock unit was mapped by W.H. Smith (1961) as a dacite-andesite agglomerate,
pyroclastic, tuff breccia. The primary rock type consists of gray and black lithic fragments, set
in a gray lithic tuff matrix. Only small, localized outcrops occur.

Til, Latite
Latite occurs in the Bear Gulch intrusive breccia underlying a portion of the Yosemite dump.

Unaltered samples of this rock are not available. The altered samples are white to light gray

in color due to the intense alteration of the original constituents to clay minerals. Samples

from under ground workings contain quartz grains, which make up 10 percent of the rock-
this indicates the fne{rained nature of the igneous groundmass. Fresh pyrite is present as

disseminated grains and some veinlets.

Tim, QuarE Monzonite
Quartz monzonite (formerly called Bingham granite or dark porphyry) makes up 32 percent of
the Bingham Pit exposures. lt occupies a large portion of the central area of the Bingham

mine and extends to the south where it underlies a portion of the Castro-Olsen dump. The
quartz monzonite is a medium gray, equigranular rock composed essentially of feldspar with

interstitial quartz grains. Quartz veins, sulfide minerals, apatite, zircon, and rutile are also

Repon rumberj!4ll4jlj}- _ _ -P_age_8,of_32_ _ _ _
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present. The mineralogy is highly dependent upon location and the degree of hydrothermal

alteration. This unit also underlies the 'dvestern oortions of the eastside waste dumos.

A.2 FOUNDATION SOILS

Due to the historic nature of the dumps, few investigations vt€re completed below the o-rnent
dump footprint. Foundalion materials below the dumps must therefore be evaluated based

on the soil conditions beyond the toe of the dump (Biek, 2007) and combining this information

with historic surface geology mapping below the dump fooFrint. Figure A-2 shows both the

surficial geology, consisting of bedrock and soils, extending beyond the toe of the dumps. An
electronic version of the surficial geology map shown on Figure A-2 is included in Attachment

A.
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Figue *2 - Su,ficiel Geolow Beyod the toe of tha Easbide dumps (Eiek, 2N7) - see Attachment A map for detail.
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Most of the detailed investigations along the dump toe were associated with investigation for
the Eastside collection system cut off walls and associated borrow investigations. The
seepage cul off walls were largely located where depth to bedrock was reasonably close to

the surface. Secondly, topography and historic aeologic maps indicate that the soil thickness
is less upslope of the cutoff walls and that the soil cover is relatively thin along the ridges. In
short, the distribution ofthe soil types can be inferred by combining the available topography,
geology maps and the mapped soil boundaries based on the following reports:

Intemal reports below the East Side rail dumps (Attachment B - not included).

Mapping completed by Bear Creek Mining Company (BCMC in conjunction with
KCC-UCD geology department mapping by Wilson), summanzed as scanned images
in Aftachment C.

. Investigations along the cut off wall (seepage collection system) by the KUCC plant
proiect group and NAE (North American Exploration) summarized in a series of
Autocadd drawings and summarized in Attachment D.

Review of the geology and available soils mapping indic€tes that foundation soil conditions
can be divided into clayey soils derived from volcanic bedrock (Latite flows, Lalite Breccia,

Quartz Monzonite Intrusives and Tuff Breccias) north of the former Burma access road and
gravelly to silty soils south of the Burma Road. South of the Burma road, Paleozoic
sedimentary sequences including the Bingham Mine formation, sandstones and limeslones
predominate the bedrock conditions.

NRCS Soil Mapping

An initial interpretation of the near surface soils and their distribution, down to depths of
approximately s-feet, can be obtained from the Nalional Resources Conservation Service
(NRCS) soil maps. The following table summarizes the correlation between the soil types,

agricultural soil series name and inferred Unified Soil Classification System (USCS).

fable A-? - NRCS So,ls Map Conelations

Repod numberi!399!:ga _--,- eage119f32

Date 1o-Nov-Cg_ @2008 TechnlrEglc€f Resqulge-s |ty-'LiDitpq _ _ ,

Soil Series Abbreviation Descrlption , Name lnferred USCS Classification

DPE Dry Creek - Copperton Silty lo Cobbly Gravel (GM),

'10% other soil

HDF Harkers - Dry Creek Silty Gravel (GM) with cobbles.

DPO Dry Creek - Copperton Silts and Gravelly Silts (ML) on



Soll Serles Abbreviation Descrlpllon , Name lnfErred USCS Classlfl cation

alluvialfans

HHF Harkers soil GM to ML, possibly CL

WAG Wallsburg Cobbly loam GM to ML

GEG Gappmeyer cobble loam Cobble Gravels-north facing

slopes (GP-GM)

GGG Gappmeyer - very steep Residual, Angular Gravels (GM)

BEG Bradshaw-Agassiz Associalion Silty Gravel (GM) with cobbles-

south facing slopes

Note: Soil series descdbed north to south

Review of the NRCS data suggests that the majority of the ridge top and ridge slope soils are

angular, cobbly gravels with a silt and clay matrix. Lower strength clayey soils are principally

limited to the drainages, However, the NRCS mapping is rather general due to the limited

agricultural usage of the ridge areas.

Foundation Conditions

The northern dumps generally extend above residual, dayey soils derived from volcanic

bedrock. The clay soils range ftom low (CL, CL-ML) to high (CH, MH) plasticity. The MH

(plastic silt) classification is rather unusual and is based on the volcanic source material of
the soils. Based on investigations performed at the cut off wall, the soil deposits extend from
a few feel in thickness along ridges up to 7o-feet in thickness along the drainage bottoms.

In addition to the Tertiary volcanic bedrock materials, there are overlying alluvial and colluvial

materials, such as wash sands and gravels present within lhe drainages, that were derived

from upslope sedimentary units. These are generally competenl materials.

It is also noted that a few of the plasticity tests were completed on $e matrix of clayey
gravels and sands even though the majority of the soils are angular, clayey to silty gravels.

Table A-2 summarizes the general soil types below the dumps by drainage._ The avatlable
gdl holC*U&lffattSn is qenerallv summarized in-the@

been excavated and soil exposures loqqed bv NAE in 2007.

Table A-2 - Summary of Foundation SoilTypes below$oJlt.E-g_Uelll?jiZs-
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Location Soil types Borinqs RgtErence

Yosemite QL - Gravelrv Clav wit[s3!d_&l9hbb9,
Ge_jGM - Clayey Gravel with Sand:

Poorly Graded Gravel - GP; Sandy Silt

with Gravel - ML - to GM; Stiff, fat Clay

with Gravel - CH to GC; Limestone

bedrock

Ai,4EC Y-3 2007 NAE test
p ts and 200E

AMEC

Investigationsr

Saint's Rest laver of Sandv Clav - Sandy aMEq'q&?,
Gravel- rcf ;,Quartzite bedrock.. SR.1

South Saint's

Rest

Sandy to Gravelly Clay - CL to GC;

Clayey Sand - SC to Clayey Gravel -
GCi Quarlzite bedrockl

AMEC SSR.1

Castro i Silty to.Clayey G1qv9l-gl$g! I GM !9
GC. Sandv Srlt - ML: Clavev Sand - SC

D acite !q.La-tl tef_.ojp.!Jry_.b94!oqk.

AT4.Eq9?

Bulterfield Clavey Gravel with Sand - GC: Gravel

with Sand & Clay - GP - GCi Sandv Clav

A|\.4EC B-1

WLth...,G,,ra.Ve.l.....:....._C,L-. ..._D a cite Jo rph vry

bedfock

Olsen Gravelly, Sandy Clay - SC; Clayey

Gravel - GC; Silty Sand - SM, Limestone

bedrock.

AMEC O-1

Note See Attachment F for detailed lgl! qf AIVEC and NAE investigatjons.

fiennecott Plant Projects Group (also NAE) @npleteq extengive detail lggging of exposures

and trenches along the eastside collection system during the late 1980's to early 1990's.

These cross sections are presented on various reports and maps developed during the
period of 1991 to 1997 as summarized in Table A-3.

Table A-3 - Summary of NAE (Notth Ameican Explontion) lnvestbalions - Attachmenl D

Date / Drawing

Number

Tte Information Boring / Series

ADril 1992 / 451-T- Eastside Collection Cutofi CoDDer & Yosemite NCU, CU

FormattEd Table

Delet€* (NAE and AMEC)

Deleted: Clayey

Del€ted: GP

Deletedr GC

Del€ted: to Silty Gravel- GM

Deleted: layer of Sandy Clay - CL;

Delet€dr Clayey Sand - SC

Delet€dr Porphery

Formatted Table

Deleted: Following thi8 orbinal work,

Repon nun$erlllglEll-

Dele lGNov-og_ @2008 T€ch@lggice-l ResquFqsfly li|litld- - - -/



Date / Drawing

Number

Tit e Information Boring / Series

2053,451-T-2054 Wall Trenching - Yosemite,

Copper, North Copper and

Lost Creek/South Keystone

Orainages

Cross Seclions &
photos of logs

trencnes

Sept '1991 Clay Borrow Source

Investigation - Yosemite Area

Logs of trenches YT - test pits

April 1992 Eastside Collection - Cutoff

Wall and Dam site

Investigatlon- Queens, Olsen,

and Butterfleld 1 Drainages

Detailed logs of

trenches and plan map

below toe. Some logs

have cross sections

F, OL test pits

April 22, 1991 Proposed Crapo Repository -
Trenching and Sampling

Program

Plan map and logs of

the repository above the

cut off lrench

CKT

August 1992 Calcium Carbonate

Investigations of In-place soils

lor use in stabilizing sludge

from the Large Reservoir

Numerous logs with

gravel, silt, clay

descriptions

CA

Dec 1992 Calcium Carbonale

Investigations of ln-place soils

for use in stabilizing sludge

from the Large Reservoir *
North Keystone to Copper

Numerous logs, plan

map identifying areas of

clay and CaCO3 for

neutralization of acid

sruoges.

CA

1992t451-r-2051 Bingham Canyon Water

Management Easl Side

Collection Cut off wall

sections, Midas I, midas 11

and Bluewater 1'1 1

Detailed cross sections

of soil lype and

thickness, mostly covers

drarnages

M, BW, KCC-

TP, varies

199?J451-T-2052 Bingham Canyon Water

Management East Side

Collection Cut off wall

sections, Midas 1, Congor 1

and Congor 11

Detailed cross sections

of soil type and

thickness, moslly covers

drainages

M, CG, varies

1992/451-T-2053 Bingham Canyon Waler

Management East Side

Detailed closs sections

of soil type and

thlckness. mostlv covers

CU, varies

,i ,'
Repod numberi!4E4lll - - -?q€el!q 2. ; ,/
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Date / Drawing

Number

t|le lntomalion Boring / Series

Colleclion Copper Drainages drainages

1992i451-T-2055 Bingham Canyon Water

Management East Side

Colbclion Cross Sections,

North Copper Lost Creek /
Souih Keyslone

Delailed cross sections

of soil type and

thickness, mostly covers

drainages

NCU, NNCU

The locatjons referenced above are shown on a series of Aulocadd drawings in aftachment

D. The information on these drawings was extracted inlo an ArcGlS shape file. This shape

lile has the location of eplorations and includes the attributes of he inr/esiigations, sudl as
bore hole lD, depth, soil type encounEred, clay thickness and depth to bedrock. A summary

of the investigations that were completed are shown

on Figure A€2.

These figures are relatively lErge scale and signiftant greaier dstail is available in the elecUonic GIS

fonnat 1Ari6151f.r *nich the figur€swele developed.
;.'

i .,'
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Figurc A-3 - Foundalbn geology and soils below tlF- eastside truck dumps notth of Butma road (clay hbkness

shown €s oper o/c/es aN depth to bedpck shown as solid chcles).

Estimates ofthe soil thickness are available along the toe of the dump and, in particular, at
the cut off dams. The cut off dam locations were generally selected to be as far beyond the

toe of the dumps, while still maintaining reasonable distances to bedrock for conslructability.
In short, these locations are likely to represent the thickest sequence of soils in the vicinity of
the dumo toe.

Based on these explorations, NAE developed a series of geologic cross sec{ions along the
seepage collection system and summarized these sections on Cadd drawings. The cross

sections were drawn both parallel to the dump toe (across the drainages) and perpendicular

to the dump toe (down the drainages), Typical cross sections through the drainages
proceeding from north to south are

. (Note: refer to original Autocadd drawings
for lithology, descriptions and section localions.)

FiguQ A4 - NAE ctoss section thrcugh Yosemite dump sllowing sedimentdry deposits

The toundation conditions below the south dumps were initially investigated as part of the
land exchange beh,veen Kennecott and the BLM (Bureau of Land Management) in the early
1980's. The reports for Butterfield Canyon and the mine dumps soufr of Yosemite were

however based largely on the NRCS maps. However, review of the mapping indicates that
the soil type descriptions are relatively uninformative from an engineering standpoint. The
dumps themselves extend primarily onto the ridges and comprise areas of either bedrock
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and/or very shallow soil cover, both of which are favorable to dump stability. This area has
been mapped in detail by BCMC (Bear Creek Mining Company, lhe former e)ploratory
subsidiary to Kennecott Copper Gorporation) as part of mineral explorations. Scanned
images of those maps are included in Attachment C.

The primary foundalion soil types below the South dumps are referenced on Table A-4.
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Location Soil typ6 and Depths Reference

Olsen Gulch GC-SC - Clayey sand and

gravel, 0 to 4z-feet

CH - Plastic Clay

Summers: Hydrogeology and

Effects of Mine Dump

Expansion on Groundwaler

Quality, Butterfleld Canyon,

BLM.

Yosemite GC-SC - Clayey Gravel and

Sand; with SC sandy clay

AMEC.2009

Saints Rest GM-GC - Silty to Clayey

Gravel, 0 to ls-feel; some CL,

Silty Clay

As above-based on NRCS soils

m aps-aodgvalabh-beMg.!

Castro GC-SC - Clayey cravel and

Sand; with SC-CL mudUow

material

East Caslro GM-GC - Silty to Clayey

Gravel, 0 to 1s-feet; some CL,

Silty Clay

West Castro GM-GC - Silty to Clayey

Gravel, 0 to 1s-feel; some CL,

Silty CIay

See also Table A-2 for soil types encountered in drainages.

Table A4 - Pincipal Soil Types below Soulh Dumps

Soil Development.beloy/ South Dumps

Due to the lack of site-speciflc field data, Rio Tinto T&l requested supplemental investigations
be completed along the toe of the south waste dumps. Access along the dump toe was
limited to existing roadways, which also contained numerous c|lts and exposures of the soils
developed along the slopes and drainages, as described below.

Soil development varies significantly from drainage to drainage and also on the north versus
south facing slopes. The larger drainages contain significantly more colluvium / alluvium that
have washed down from higher elevations. Some of these drainages are also more deeply
incised, Source rockformuch of the alluvium consists of the Paleozoic sediments versus
volcanic sedimenls.
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In general, soil horizons are more well{eveloped on the north facing slopes, which
corresponds to the greater amount of vegetation present on these slopes. South facing
slopes along the drainages tend to have poody developed, thin soil horizons and primarily
grass versus scrub oak vegetatton. Exceptions occur in the larger drainages. A photograph
ofa road cut leading to the Castro drainage whlch shows the difference in north and south
facing soil development is shown on Figures A-5 and AS.

Figurc A-5 - Soil development along the nodh lacing Castro drainage. Note shallow bedrcck is stitl present and

conside rcb le fl o a t occu ts

Report numberil2gglq3- ?e9e-19 q ?2-

Dete 10 No! 09, @2008 Tgchnotogica Resqurcgs qy,LiTilgd-

Deleted: 20-Oct-09



Figure A-6 - Tnnsitjon area frcm lhin sail layers (east facing) to thicker soil layets (notth lacing) near AE OEen

drcinage

The rounded hill tops (foot hills) present along lhe toe of the dumps tend to consist of thick
sequences of gravel (alluvial fan) soils or mmprise bedrock.

Supplemental investigations

Supplemental test pit investigations were complebd in 2007 to obtain samples for laboratory
testing. The investigalions were extended from below the northern rail dumps to below the
south dumps. Bulk samples were obtained within the test pits for engineering index property
testing and direc-t shear strength lesting. The locations of the investigations are shown on
Figure A-7 and included some areas below the North dumps also.

the underlvinq soils.
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Figurc A-7 - Locations of Test Pits c!,mpleted by NAE (see attachnen! E lo. oliginal map).

Gradation, plasticity and direct shear strength tests were completed on the 2OO7 samples.
Results are presented in a delailed attachment of direct shear test results (IGES laboratory
test results). The supplemental plasticity test results agreed well with previous test work and
are shown on Figure A-8.

,
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Attachment E.ll



o Bluewater l.lo- 1

a Bluewater l$- 2

A ETR/7

o 2007 Test Flts

. South Ounps
'o g lvf or OL

Plasticity Vs. Liquid Limit

40 60

Liquid Limit

Figurc AA - Aftetbery limit tests showing cptrclalon of 2OO7 and 2OOA samples with prcvious test wotk (Soulh

Dumps are 20Oe tests).

A summary of the previous laboratory gradation analysis compared to the supplemental test
work is presented on Table A-5. Samples are grouped by soil type.
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Table A-5 - Summary ol Foundalion soit gradalon analysis

Yosemite 1-2

Congor 1-1-2

Butterfleld 1-1€

Olsen 1-2

RBG-1&2, Dec
1975

RBG1 &2, Dec

GC-CL

GC-SC

GM

% o/o

Gravel Sand

o/o

clay/silt Laboratory

39 IGES

38 |GES

34 IGES

21 IGES

46

5I

zo

44

15

25

40

53 26 20 RBG

73 13 15 RBG

GM

GM

Report rumberj!3lglHll ,o :
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Bluewater 2-1-2

Butterfield 1-1-1

Butterfield 1-1-2

MH

CH

CH

13

25

32

43 IGES

87 IGES

47 IGES

59 Sandy Clay

Bluewater 3-1-2

Congor.5-1-2

Congor .5-1-3

Congor 2-1-1

Congot 2-1-2

Copper 1-2

North Keyslone 1-

1

ETR77

ETR77

.\|

CL

CL

r\|

a-l

CL.SM

93 IGES

71 IGES

IGES

88 |GES

IGES

83 IGES

93 |GES

RBG

RBG

85 Slightly Sandy Clay



1975

RBG-1&2, Dec

1975

RBG-1&2, Dec

1975

Yosemite 1-4

Yosemite 1-1

GM

GM

GP

GW-GM

average

47

41

6Z

52

50

38

10

22

25

24 RBG

21 RBG

8 IGES

26 IGES

25 Sandy to Clayey Gravel

Castro 1-1 SM 0 70 30 IGES

S Saints Rest 1-2 SM 10 75 15 IGES

Saints Rest 1-1 SM 61 39 IGES

RBG-1&2, Dec

1975 SM 22 52 26 RBG

RBG-1&2, Dec

1975 SM 13 71 16 RBG

RBG-I&2, Dec

1975 SM 20 50 30 RBG

RBG1 &2, Dec

1975 SM 20 35 46 RBG

RBG-1&2, Dec

1975 SM 33 40 27 RBG

RBG-1&2, Dec

1975 SM 27 50 23 RBG

RBG-1&2, Dec

1975 SW 11 85 4 RBG

Gravel ly, Silty/clayey
average 17 59 26 sand

Note: Dala from Norlh Dump area induded in tabulation

-t
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In additionSeotmertarf
to previous testing, an additional six direct shear tests were completed on low plasticity CL
soils and one supplemental direct shear test was comple'ted on CH soils. These results were
combined with previous two tests to develop representative drained, consolidated shear
strength data on the CL and CH soils, respectively. Results of the available direct shear
testing are presented on Figure A-9. Individual test results are presented in attachment E to
this Appendix.

Peak Stress Vs Normal Stress

20000

15000

10000

5000

0

5000 10000 15000 20000 25000 30000

Nornnl Stress, psf

Figure A-9 - Summary ol direct shear strcngft test resu/ts

Resufts indicate an average friction angle of24 degrees and cohesion ol 1725 pounds per
square foot (psO for the low plasticity clay soils. The high plasticity clays exhibited a friction
angle of 11 degrees and cohesion of 1490 psf. Review.

tbgl:[A9!lL9l!h9'i oru_erpl a s ti cil v cl a v.;5119..p

degreesandcohesonof.1400psf Thrs lqwerbo u nd. y?-tte,tryAe ule nStebjlly SalQ!l4t_a!!

ve sorls (ofeatq!'_bg!_]0qzqpq!C!]|Eg!td and gravel
size particl.es) was based on the lqligle
tvpical parttcles. Since nanv of the qraycl

small cohe _S_i[LO Clavev oravel soils
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a nalvsrs.
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Underground Workings

Historical mining has resulted in a numberof underground tunnels and adits in proxlmity to
the dumps. KUCC has developed a plan map of the underground workings and incorporates
this information 3{imensionally into the Minesight model. A 2{imensional portrayal of the
underground workings is shown on Figure A-10. lt is observed that the Saint Joe tunnel
extends belowthe ridge between the Yosemite and Saint's Rest drainages. The Butterfield
tunnel extends along the South end ofthe South waste dumps and does not appear to lie
below the dumps. No other tunnels are present below the South end dumps.

Figurc A-1 0 - Projection ol undetgrcund wotkings below KIJCC South Dumps. The uwer black line is lhe Saint Joe

tunnel and the lower black line is the Buttedield Canyon tunnel (Red line = 1 990 limib ol dumps, orcnge

Iine = 1960 limits, blue lines is 1970 and eadied
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Section 1 - Executive summary

Project purpose

This appendix of the KUCC waste dump reporl summarizes the available knowledge
regarding the dump material properties, summarizes the available data, provides references
to other studies and evaluates the most probable range in waste rock shear strength.

Major findings

Performance of the existing KUCC waste dumps over the past 25 to 85+ years suggests hat
the dumps are stable in all but times of high dump advance rates over clay foundation soils,
such as was experienced in the late 1970's to early 1980's. Secondly, "old" waste dumps
(greater than 50 yrs. old) have cemented with iron oxide compounds, thereby gaining

strength and improving stability over time. The cementation is well corroborated by leaching
studies ofthe dumps, which indicated that active leaching tended to seal ofthe dump surface
under acidic conditions. Lasuy, some of the north / northwest pit slopes at KUCC are being
excavated at slope angles of 50+ degrees through former dumps that border the open pit

mine. These dumps experience both production blasting and seepage and have exhibited
good stability.

A range of waste rock shear strength failure envelopes are developed based on the
angularily ofthe particles, stresses and published correlations between stress and shear
strength. However, the effect of cementation affecting particle cohesion is not included within
the shear strength envelopes developed herein, therefore the shear strengths developed are
considered conservative.

This dcumenl is the copyrigh property of Technol€y and Innovation ad contains irfomation that is cmfidential to companies
v/ithin lfE Rio Tinio Group Any request to copy or circulate lhis document will require prior eproval of the Regional g€neral
manag€r
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B WASTE ROCK DUMP MATERIAL PROPERTIES

8.1 DISTRIBUTION OF MATERIAL TYPES

The overburden materials placed into the dumps over time are described in Attachment D,

Dump progression. A graph of the total waste tonnage developed over the life of the mine is
depicted in Figure B-1, Waste tonnage. This graph was developed after Krahulec (1997) by
multiplying the stripping ratio times the total annual ore production using 5 year increments of
ore production, The total waste produced from early in the mine life to the mid-1990's was on
the order of 140 Eillion tons. After 1995, the majority of waste was placed above the
Markham dumps, Dry Fork and within Bingham Canyon with a small amount of waste placed

above the Yosemite dumps and above the uppermost East side dumps.

Blngham Canl,on
AIrnual and Cummulallve Wa9t9 Produciion D€rYear

9,000,0@,@0

8.(m,0@,m0
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60,000,000,000
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n/ lv r-

19(x) 1910 1990

Figurc B-1 - Estimated Waste PlacEd at Bingham Canyon from beginning of open fit mining to the mid-1990's

(estimated frcm orc prcduction and sttipping nUo)

Records of waste and ore improved in the 1980's. The occurrence of ore and waste in

difierent rock types was summarized in a KUCC memorandum dated May 14, 1982.
Samples were based on 400 pound bulk samples.
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Table B-1 - Summary of Bingham 1980 lo present estimaled ore and waste distribution
(KUCC lnternal data)

Type Ore lo Waste % Sizo Distibution. lncheg

- 1 inch I to 5 inch 5 to 10 inch + 10 inch

Intrusive

Quartzite 240/0

Limestone r 2,,

16

1460/08'/.

,to

41620/o

Overall waste

sze
distribution

100%

As observed, the majorily of waste produced is quartzite with approximately 1R of the
material being intrusive and lhe remainder being limestone. Most of the limestone malerial
was placed in the South end dumps. lt was found that only the meta-limestone exhibit high

blocky materials with the remainder having relatively small block fragmentation size.

The above estimated size ranges should be compared to samples of the waste malerials

obtained from the waste dumps. Also, none of the bulk samples contained excessive
amounts of fines, which is also found in the waste rock samples obtained from the dumps.

In summary, the principal drainages and dumps are as follows:

Table 2.1 - Summary of Dump Groups
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Dump Group Drainages Filled WastE Materials Placed

North and West Pit

Dumps

Markham Gulch Primarilv Ouarlzite with intrusives

Cottonwood Gulch

Dry FoIk

Freeman Gulch

Bingham Canyon

Dumps

Bingham Canyon



Dump Group Dtalnages Fillod Wasto Itateriak Placed

Eastside Rail DumDs Bluewater 'l , 2 and 3 Aboul 32 percent intrusives and

60+ percent quartzites, other

minor constituents.Midas I and 2'

Congor 1,2 and South Congor

Crapo

Eastside Truck Waste

Dumps

North Keystone and Keystone QuartziEs and intrusives

Lost

Norlh Copper and Copper

South Dumps Yosemite Intrusives. ouartziles and calc-

silicates / limestones (these are

primarily limeslone dumps)Saints Rest and South Saints Rest

Castro

Butterfield 1

Olsen

Queen

The mineralogy of the materials present in various waste rock dumps was studied in a

number of intemal memorandum by lhe Kennecott Metal Mining Division departrnent in the
1970's. These studies focused on the mineralization of the waste dumo materials and the
ability to leach these materials for recovery of metal values. The following table summarizes
the various mineralogical studies completed on the waste materials.
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Table B-2 - Summary of Mineralogical Studies of the KUC Mine waste rock dumps

Abou-zied, S., (1972) "Rock Characleristics and Mineratogy of UCD Midas Dump," Metal Mining

Division Kennecott Copper, Salt Lake City, Utah

Cathles, 1,M., ('1973), ?n Analysis ot the Physics and Chemistry of Waste Dumps," Technical Report,

Lexington, Massachusetts.

Gauna, M., (1975), "Permeability Testing Program al the UCD Waste Leach Dumps," Kennecott
Interoffice Memorandum, Salt Lake City, Ulah.

Grubaugh, P., (1976), "5960 Dye Staining Test," Interoffice Letter, Utah Copper Division, Salt Lake

City, Utah.

Gupta, U.K., and Gauna, M., (1976), 'UCD Waste Dump in Situ permeabitity and Oxygen

Temperalure Investigation," Metal Mining Division, Salt Lake City, Utah.

Jueschke, 4.A., (1974), "Size Analysis of Waste Rock on Btue Water No. 2 Dump," Kennecott
Research Center, Salt Lake City, Utah.

Klinger, P.B. and Schlitt, W.J., (1978), "Mineratogicat Study of Samptes Recovered" By the
Westinghouse Becker Drilling Program on UCO Dumps," Technical Report No. RTR 77-15,

Kennecoft Melal Mining, Salt Lake City, Utah

Logsdon, Mark, J., (2005), "Long term stability ot Waste-Rock Stockpites", draft memorandum, Sept

ember 2005.

Malouf, E.E., (1972), "The Plugging of Leaching Columns by Precipitation of Basic lron Sulfate Salts,

Inter-Office Memorandum, Salt Lake City, Utah.

Ream, 8.P., (1975), "Freeman Dump Staining Test," Interoffice Leller, Kennecott Mine, Salt Lake City,

Utah

Stephens, J.D., (971), "Study of Copper Mineralizaiion in Eteven Samptes of Waste From UCD

Keystone Dump", Kennecott Copper Corporation, Salt Lake City, Utah.

8.2 GRADATION DATA

Anumberofgrada1ionana|ySesofminewasteareavai|ablefromsurfacesamp|ing,preViouS
sfudiesanddri||cuttings.However,themajorityofthedataarettSha||owdepthwithinthe
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mine waste pile and do not fully represent the very large (cobble to boulder size) particle

distribution at deoth.

The available gradation data indicate that the maiority of the dump materials have relatively
low fines contentl, generally less than 20 percent. The maiority of the particles sizes are
gravel size or larger, ranging to very large boulder size. Larger size partides have not been
adequately sampled at depth, due to restrictions in the drill core diameter. Surface
observation clearly indicates the particle segregation that occurs down a dump face which
also tends to concentrate the larger particles al the toe of the dumps. What is less clear is
whether high stresses and resulting particle crushing reduces the average particle size at
deoth.

Table 8.2 and Figure B-2 present a summary of the WR particles size distributions obtained
from previous studies.

Table &1 - Twical Rdnges in Dump Pafticles Sizes (KUCC data)

1 Technically the fines content should be the perc€nt passing lhe no. 2OO sieve, but somelimes the term

'slimes have been used in lhe a\€ilable references Slimes may be parlicles sizes down to lhe no. 325

sreve_
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GEYeI or larger,

percent

Sand,

p€rcent

Slimes or fines

contgnt, percent

Freeman 72 15

Run oi Mine, '1980's 77 20 J

Quarlz Monzonite

Porphery
54 38 I

This study (plug

dumped areas)

11 +l- 6 0k (+l- 1

standard dev.)
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Figurc B-2 - Summary of WR dump gradation dala based on prcvious investigalons (KUCC and AMEC data)

Recent advances in Sonlc drilling technology have improved our ability to advance borings

through waste rock dumps and obtain representative samples of the materials. Previously,

borings through dumps could only be advanced using rotary circulation drill holes or a Becker

hammer drill rig. Both of these methods results in poor quality, disfurbed samples. Sonic

drilling methods have improved both penetration rale during drilling and our ability to obtain

disturbed samples of the dump materials. In 2007-2008, a piezometer installation program

was mmpleted on the west dumps above the Bingham mine using sonic drilling. Samples of

the soniccore were obtained and logged at selec,t locations. Although the Sonic rig does

break down large particles for the drill steel to penetrate the dump, the sonic cores do reveal

representative samples of dump materials at depth,

To evaluate the west dumps, KUCC logged the core in terms of percentage of silt and clay,

sand, gravel and cobble size partides. A plot of these percentages versus depth is

presented on Figure B-3. Although this figure seems to indicate a higher percentage of flnes

versus depth, the geologist logging lhe core indicated that drill penetration was slow at depth,

reflecting the fact that the sonic rig was breaking down large particles. lt is believed that the

increase in fines content versus depth is due to particle breakage due to drill rig penevation

versus actual change in fines content.
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Figurc B-3 - Distibution of cobble (blue), grcvel (magenta), sand (yellow) and sil|clay padic,es s/zes ye6us deplh

based gn Sonic corc (visual/ manual methodl

A photograph of a lypical sonic core showing medium to fine grain size particles is provided

on Figure B-4.
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FiguQ 84 - TyFical Sonh corc in phstic jackeL

A comparison between the field log and the laboratory based partide size analyses is

presented on Figure B'5.

Formd: Font: Not Bold

Del€ted:12094-02

Del€ted: Oct-20-09

Delet€d: Oci-14{9

R€port numb€rjEqqB& _ _ _ _ _ !ege_ l_3 -9f_29 _

Date Nov-'loi$_ _ _ _ @29q8_T9c!ry8€i€lEgsqu!tqs-Pg-LiDi!€{ -'



!

at

Corparbon bavrron laboratory gradadon malycir range and ns&d loggilng of 3onk csr3

WR Gradati,on Cuve / BounG

'r00

at

[!

a0

40

30

c
000

G.rddbo B!.d q!
aUdoy

glvd
cd&16
Bor*br

3-24 3- t5 of kfi ritEb

rm 1{l - G0
nm <lO
nl't t!,L

'It - 30 2E-t*
:0-60
:o -,ro

n.t-

.rcdlr. Crnl t.n -a $.tlit , ri{ gerr

dts.dE*da'd{D.i

Figure B- 5 - Compadson of Laborctory Padicle size and fiekJ logs

8.3 DENSITY AND MOISTURE CONTENT

Field density data suggest that the surface of the dumps have a total density between 125 to

130 pcf (pounds per cubic feet). Kennecott Mine data (Erickson, 1994) suggests an

increasing density with depth, which appears logical. Select density dala are plotted on

Figure B$.
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Figur€ 8-6 Density Data (KUCC data)

It is observed that the drill hole data mntain considerable scatter, which is likely attributed to
sample disturbance. The KUCC mlne has estimated lhat the dump total density increased up

to about 140 pounds per cubic feet with depth (at 400jeet).

Available moislure content data also indicate relatively low moisture contenb, generally less

than 10 to 15 percent. Density data from the 2005 O'kane field study are summarized in
Table 8.2.

Table B-2 - Density Data lmm Plug Dumped Areas (O'Kane 2005)

Date

Dry
Density,

pcf

Water
Content, %

Total
Density,

pcf

31-Mar 112.7 13.7 128.1

01-Apr I t2 R 10.2 125.0

02-Apr 115.4 90 125.8

olApr 116.8 11.0

114.6 11.0
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B.4 PERMEABILITY DATA

thal has been measured in the dumps, rivhich are summarized in Table 8.3.

Table B-3 - Sunm€ry of Sebd Dump Permeability Dala

Permeability,
darcies

Permeability,
cm/sec
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Dames and

Moore

date
test

1973

1973

1974

1974

1974

1974

197 4

1974

1970

1970

1970

1971

Min

140

s00

1Sn

E

74

10

11

2.1

0.18

0.045

0.0012

Max Min Max

11700 1.4E-01 11.7

5.0E-01

1.5E-01

5.0E-03

7.4E42

2.0E-03

1.0E-02

1.1E-O2

2.1E-03

1.8E-04

4.5E-05

1.2E-06
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Hoyt

1971 0.00034

1971 0.000094

3.4E-07

9.4E-08

2.4E-03

4.7E+00

1.3E-03

0.45 1.0E-04 4.5E-04

Average 3.1E-01

1968

1069

1974

1974

4700

1.3

0.1

Shehata

Jueshcke, A.A.

Surface areas of the dump have been subject to cementation and "plugging," as indicated by
the lower permeability values 106 to 10-8 crn/sec, above. The surface cementation was an

ongoing issue during dump leaching operations where banen, acidic solution had a difficult
time penetrating the dumps. The lower surface permeability of the dumps was also aftributed

to "plug dumping" and the nearly horizontal layering caused by dumping materials on the

surface following by grading the material by dozer. The "plug dumping" was necessary to
maintain a constant elevation as the dump settled following initial placement.

8.5 RANGE IN ROCKFILL AND MINE WASTE STRENGTH

Background on Frictional Shear Strength

In general, the frictional shear strength of cohesionless materials is a function of (A) the

mineral to mineral contact frictional properties and (B) a component termed "interlocking."

The interlocking component has three sub-components: B1) the frictional resistance at point

contacts, 82) particle rearrangements and 83) dilation. The total fnctional resislance is a
combination of the mineral on mineral friction angle and the interlocking component. For
quartz on quarts, measured values of mineral to mineral friction, 0u are shown on Figure B-7

(after Mitchell, 1976).

R€port numb€ri!?@lqa - _ ,. ___?q!e1d9r29-t

Dat6 Nov-1o{q gzjJqS_TeclnLo gqi€l8e-sgulcCs,Pg _L i!1(69- -'
,

Formattedr Font: Not Bold

Deleted:12094-02

Deleted: Oct-20{9

Deleted: Oct-1449



'; : - .; t" ,i . ..i-' ; '-.-5

" n;,i.."li-i rt('r rr'L'rr1eli ili"'i and

Figurc B-7 - Ftiction of Quadz on Quadz based o/, rpughness

It is observed that the frictional resistance of quartz contacting quarts is 0.5, which is

equivalent to a friction angle of 26.5 degrees. lt is also well known that the friction angle of
quartz sand is typically much higher than the 26.5 degrees particle friction angle and

commonly ranges from about 32 to 38 degrees. The difference is explained by the void ratio

of the sand, which either requires that particles seek a denser arrangement (contraction) or
expand in volume (dilation) in order for particles to either shear or roll against one anolher
(dilate). Materials that are "contractive" tend to loose strength during shear, whereas

materials that are dilative require an increase in volume for shear to occur and thereby
possess much higher overall shear strenglh. At a unique void ratio, the sand particles shear
under constant volume. This unique void ratio is often termed the "steady state shear
strength and the friction angle at this steady state is termed ocv. This unique "state" is also

referred to as the "critical state", The relationshlp between porosity (inverse of void ratio) and

friction angle for a granular material is shown on the following figure (also after Mitchell,

1976). For very dense materials (low porosity), the fdction angle may be quite high, up to
46+ degrees, since particles must break in order to slide or roll past one another during

snear
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Figurc B-8 - Componenls of Shear Strcngth: ln{e.locking, dilaton and padicle rcanangements

The effect of weathering of particles can be evaluated in terms of fundamental principals of
soil / rock fill behavior, even at elevated temperatures. Deep within the dump, it is logical to

assume that the waste rock parlicles have ananged themselves into a dense, dilative state.

Observations of previous dump failures indicate that horizontal bedding was present down to

depths of 100 to 150-feet in 1000-feet high waste dumps, representing about 10 to
15 percent of the dump height. These horizontal layers were initially placed on the dump

surface and are encountered at depth due to settlement and subsequent regrading (short

dumping) al the dump surface. Given this degree of settlement, it would be expected that the

underlying malerials are in a dilative state. Conversely, it is likely that during initial dump
placement, the waste rock particles are in a contractive state, hence the high initial

settlements. The above principles of particle on particle friction, and contractive / dilatant
behavior continue to apply at elevated temperatures.

, i,,
i

Date Netdlgry'- - _ _ - _ _ - _ _ _ _ _ _ _ _ 9P_qe_T9clrlolgqi?l Eqrgulces_PtJ_Li4Leq J'

Fomattedr Font: Not Bold

Deletedr 12094{2

Deleiedr Oct-20-09

Delcted: Oct-14-09



Figure BP - St.a{tfication of a dump and hotizonlaly bedded ma,/F'dab obseved at depth (1979 photo, J Pilz)

It is also well documented that the Mohr-Coulomb failure surface is non-linear, especially at

either very high or low confining stresses. This "curvilinea/' feature of the shear strength

envelop is expressed on the "Leps chart" (Leps, 1970), wtrich summarizes the strengths of
various rock fills in terms of friction angle versus confining pressure. A plot of the data
presented by Leps (1970) is shown on Figure B-10. Based on these data2 , the minimum

friction angle for rock fill is on the order of 34 degrees. A decrease in the friction angle with

confining stress is one factor that could cause a reduction in stability. However, the efsting
high truck waste dumps have been stable since the early 1980's with high confining stresses

at the base of the dumps. A reduction in shear strength due solely to confining stress is

therefore not an exDlanalion for a future reduction in shear strenoth.

It should be noted that review of lhe data by Leps indicates thatthe available testing is only representative

of the Santa Rita mine waste materials). The majonty of the daia represents either iailings sands, slates,

sandstone and similarfriable materials. alono with more durable materials such as qran'fe and basalt
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Figurc B-10 - Leps chad corelating rcck fr shear slrergth to confning sffess

During end dump placement, it is commonly observed that the larger rock particles bounce
and break apart as lhey roll down the end dump slope. This process tends to break the rocks

apart along natural planes of weakness into their stronger constituents. Secondly, waste

rock materials are generated by mine blasting, which also breaks the rock apart along any in-

situ bedding, joint or fractures These observations indicate that the rock materials that end

up along the base of the dump are the most competent materials from the mine. Such

materials would fall within the upper range of frictional properties in the Leps chart, Figure B-
10.

Cohesive Shear Strength

According to Mitchell (1976), hue cohesive shear strength is a function of electrochemical
bonding and/or cementation. The definition of cohesion has also been modified by Fredlund

et al (1978), who define an apparent cohesion component in terms of matric suction. The
form of Fredlund's equation is as follows:

T = C' + (oi - u*) tan 0' + (u. - u*) tan O'

Where:
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C' = true cohesion

o' = Vertical effective stress

ua = Pore air pressure

uw = Pore water pressure

0' = Friction angle with respect to applied stress

0b = Friction angle with respect to matric suction in terms of o - u"

The last term of the above equation estimates the value of the "apparent coheslon" due to
matric suction and essentially turns the 2dimensional Mohr-Coulomb linear envelop into a
3-dimensional failure surface.

The available gradation data suggest thal the percentage of fine grain materials within the

dumps is insufficient to provide a significant apparent cohesion component (ie. due to
development of negative pore water pressures in the capillary zone).

Cohesion due to cementation by ferric and ferrous iron components may be significant.

Observations of the Cottonwood Waste dumps indicate a high degree of cementation is

present due to ferric iron precipitates. This form of cohesion is discussed more fully in

regards to geochemistry (Appendix C). Since the cementation component has not be

quantifled by testing, it has been conservatively omitted from the shear strength envelop.

Back Analysis of Minimum Oump Strengths

In general, for cohesionless materials, the critical slip surface in limit equilibrium analysis will

converge toward the infinite slope failure condition. For this condition, the factor of safety of
the slope is deflned as the ratio of the angle of internal friction, O, divided by the slope angle,

i. The infinite slope condition is commonly used to estimate the minimum friction angle of the

slope materials, since at a factor of safety of unity (1.0) the friction angle is equal to the slope

angle. Sinc€ the KUCC waste dumps are obseNed to "stand" at slope angles of 37 10 41

degrees (where there are more fines), the commonly accepted friction angle at low conflning

stress is assumed to be within the same range. lt is also observed that the WR particles are

at their loosest condition at the dumo surface.

As described above, lhe dump materials increase in density due to settlement and the friction

angle most likely increases as the materials assume a more dilatant condition. Under very

high confining stresses, particle breakage is possible and the interlocking component of
friction decreases. Therefore at depth Wthin the dumps, the friction angle may have

decreased due to confining stress. lt is noted that the parent rock that comprises the waste

dump has been subject to significantly higher confining stresses than found in the waste

dumps and that blasting and the end dump placement tend to break the rocks apart along
pre-existing fractures.
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Back analysis can be used to estimate (or bound) the shear strength properties required to

maintain stability for observed conditions. Slope stability analysis can be used to provide a
lower bound estimate of the minimum shear strength that must be present within the dumps.

For existing, stable dumps, the aclual factor of safety is not known. However, it is generally

accepted that slope deformations are evident at factors of safety betu/een about 1.0 and 1.2.

Since there are no present day observations indicating slope deformations within the dumps,

it can safely be assumed that the dump factor of safety must be at least 1.2. Secondly, the

Bingham pit dumps are subjected to daily blasting. Therefore, it is reasonable to include a
seismic coefficient in the back calculations of minimum shear strength. Lastly, if it assumed

that the failure surface does not pass through the foundation soil or bedrock materials, the

minimum available shear strength of the waste materials can be determined. Based on these

considerations, back analysis can also be used to estimate cohesion at various ranges of
frictlon angle.

Back analysis of the minimum shear strengths v\ere completed for a representative cross

sections of the Cottonwood dumps on the northwest side of the pit and the higher truck waste

dumps on the east side of the mine. The back analysis of the Cottonwood dumps can be

utilized to estimate the cohesion that must be present in lhese well-cemented and stable

dumps. The back calculations used the following geometry and assumptions:

Table 84 - DumD Characteislics

Location Dump Height, ft
Overall angle of

the dump,

degrees

P hreatic

S urface

Foundation

Conditions

Cottonwood

Dump

900 48 Severalfeet

above soil/

foundation

contacl

Gravelly soils and

(ortho-quartzite /

dacite) bedrock that

exceed shear

strength of waste

materials

^C-ode_ 
Qq gu'rtps

(Keystone truck

dumps)

1000 37 As above As above

1000 Varies with

stress

As above As above, but

foundation slopes

varies from 0 to

30 degrees

1000 Varies wilh

Stress

As Above Weak foundation and

slope varies from 0

to 30 degrees
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The assumption that the shear strength of the foundation soils exceeds the dump strength is
probably reasonable for the Cottonwood dumps, as it would be unlikely that low strength

materials comprise the foundation and the dumps are stable. However, the assumption that
the foundation soil materials exceed the waste dump strengths on the east side dumps is
only a simplifying assumption so that the minimum shear strength of the waste dump can be

back calculated. The assumption may be unrealistic. Semndly, the resulting calculations

appear to indicate that failure along deep slip surfaces can only occur if a portion of the slip

surface passes through weak foundation materials.

For the Cottonwood Dump geometry, a plot of the factor of safety versus minimum cohesion

that must be present was prepared. A friction angle of 37 and 40 degrees was selected and

the effect of a seismic coefficient !s..!]||:Iulat-9-lle.gfle-al-sl.p!1_B!o!ilc'!Lon !]aittng was also

included. The following graph shows the results:

Cottonwood dump GeomeFy
Factor of Safety Vs Cohesion

a
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Figurc B-11 - Factor af safely ve6us cohesion for a well cemenled dump

It is observed that the minimum cohesion required for the cemented dumps to remain stable
(which they are) ranges from a low value of 2000 up to 6000 psf. The higher values of
cohesion assume both a minimum factor of safety of 1.2 and that the dump has been

subjected to a seismic coefficient of 0.1. ,,T.*!FS9-be9!-q.Al9r[4tLo,!SJC-19A!-tl9 minimum values

9f cAleglo_rt _U_;-a1...ar-9.. pre_!_9.!li. for cemented dumps and higher values are likely under feld
conditions.

8.6 EFFECT OF HEAT AND WEATHERING
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Hypotheses have been proposed that chemical reactions, elevated temperatures and
accelerated weathering of the WR materials could degrade the dump strength over lime,
thereby reducing stability (Robertson, 2005). As indicated in Appendix C, the majority of the
waste dumps are geochemically active and exhibit elevated lemperatures. The actual
measured range of dump temperatures ranges from 70 to 170 degrees Fahrenheit, as
presented in Figure B-12.

Depth Vs. Temperature

Temp (F)

100

200

250

300

Figurc B-12 - Available Temperaturc Data plyoming Minercl di hole data)

There are few published correlations betu/een the effect of temperature and shear strength at
these temperatures. Datia are available for more elevated temperature regimes (200 - 300o

F). The temperatures measured within the dumps are not sufficient to c€use mineralogical

changes in the waste rock materials. Since lhere is no mineralogical change due to the

elevated temperalures, it is unlikely that temperature by itself would cause a change in shear
strength. Further discussion of the effects of temperature are presenled in Appendix C.

Studies Indicating Degradation in Strength

There are a few studies indicating thal the shear strength of weathered rock fill is lower than

its un-wealhered counter-part. One such study was published (Sayao, et al 2005) showing
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an approximate 15 percent reduction (depending on confining stress) for unweathered and

weathered basalt bedrock. However, it can be argued that the mine waste is already in a
weathered state and would have exhibited such weathering effects at the initial placement.

It has been hypothesized that accelerated weathering within dumps of feldspars to clay

materials may precipitate waste dump failures (Robertson, 2005), Based on this study, there
is an absence of data suggesting that this is occurring within the KUCC waste dumps. This is
partly attributed to the fact that many of the dumps are quartzite or quartz monzonile,

Conversely, availabb gradation and mineralogical data suggest that the clay content of the

dumps is quite low, due to the low fines contents (% < #200 screen) of the dumps (less than

about 20 percent).

Appendix C indicates that the rate of weathering is also quite slow. In the event that

weathering does occur, weathering of the wasle dump particles other than along the very thin
"rind of the waste rock particles" would require time periods on the order of decades. This
weathering could affect the "particle to particle" component of fric'tional strength, but is

unlikely to affect the interlocking component of frictional strength.

From a geomechanical perspective, the effect of accelerated weathering would affecl the
particle interlocking component of friction of materials that break down due to weathering.

The primarily quarEite materials do not exhibil such weathering. lf weathering of the dump
particles to clay mineral would orcur, then the particle on particle friction angle is reduced,

thereby reducing the available shear strength. However, provided that the particles remain

intact, the degree of interlocking is unlikely to change due to the development of a surficial

weathering rind.

Secondly, the potential breakdown of the particles and reduction in friction angle appears to
be offset by cementation that occurs within the dump, which increases the cohesion and

overall shear shength. Cementation appears to be the more pronounced phenomenon

observed at KUCC. Given the observations at the Cottonwood dumps, it is more likely that
the dumps increase in shear strength over time due to cementation rather than decrease in

shear strength due to weathering of the particle on particle friction (it is observed that the
particles cement or bond together).

8.7 SUMMARY

The WR dump materials are best characterized using a best estimate relationship and

considering:

o The Leps dala on rock lill strength as a starting point
o Previous estimates from consultant reports (SHB, CNI)
o Back calculated estimates of the lower bound of shear strength
o A nonlinear shear strength envelope and
o considering ihe range in rock types incorporated into the dumps and theoretical "non-

lineaf shear strength envelop of a fractured rock mass.
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Based on the conditions described herein, the best estimate of this range of the waste rock

shear strength is presented on Figure B-13. Cementation would increase the available shear
strength, particularly at low stresses.
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TE CITNICAL MEMORAND T]M

DATE:

TO:

FROM:

SUBJECT:

cc:

10 January' 2006 (-Ipdated: 06 August 2009)

Glenn Eurick (KUC)

Iv{ark J. Logsdon (Geochimica)

LONG.TERM STABILITY OF SOUTHERN STASTE-ROCK
STOCKPILES: PHASE I GEOCHEMISTRY

C Kaiser (I(UC); Z. Kenyon (lruQ; J. Pilz (Rio Tinto T&I); Z.
Zavodni (Rio Tinto T&I)

BACKGROUND

Kennecott Utah Copper Corporation (I(UCC) wishes at this tirne to evaluate the Bingham
Canyon waste-rock stockpiles with respect to two major issues:

o S/hat infiltration tlrough the stockpiles ro their base is expected?
o V/hat geochemical processes are occuring in the stockpiles that cor:ld affect slope

stabiliq', and are the rates and extents of these processes sufficient to signiEcand,v
affect slope stability o.r'er reasonably foteseeable periods of time?

In 2001, a geotechnical engineer wotking on rock-pile issues in New N{exico hypothesized
that chemical and physical weathering reactions, particularly accelerated attack by acid-tock
drainage (ARD), could adversely affect long-term rock-pile stabiLity. The mechanisms
coniectured include:

Dim:nution of particle size (by either physical or chemical processes), leading to a

loss of intemal friction
Conversion of tock-forming minerals, especially feldspats, to clay minerals,
ptoducing zones oflow shear strength and potenually high pore-wztet pfessure.

Pumose and Obiectives

The pupose of this memorandum is to address the status of the geochemical mvestrgations
and evaluations of conditions .in the Southern rock p es (focused on detail investigatrons in
the Castro dump) at the level of the Phase I investigations. The hydrogeologic and
geotechnical conditions are addressed by othets.

I Geochimica,Inc, page 1 of 17
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Specific objectives of the memorandum rnclude:
r Describing the new geochemical investigauons on the Casfto stockpiles and their

results to date:
r Reviewing the relevant geochemical information from othet Kennecott technical

studies and other televant studies ofwaste-rock stockpiles;
o Synthesizing the historic and recent data to the extent practicable;
r Interpretrng the geochemical results in tems of potential rmpacts to slope stability;
r Recommending further work that may be necessary to reduce uncertaiflties with

respect to the magnitude and trming of geochemical rmpacts, for both the stockpiles
currently studied and fot othets that have not yet been evaluated.

ISSUES

a

a

V/hat is the nature and extent of geochemrcal teactivity within the KUCC stockpiles?

IVhat is the likelihood that geochernical teactions would adversely affect the slope
stabrlity of the KUCC stockp es?

If adverse outcomes were possible, what are the dme frames over which such
adverse outcomes might be expressed?

Ate positive outcomes possible due to geochemical reactions, and, if so, over what
time frames?

V/hat geochemical work remains to be done to better de6ne and constrain the risk of
adverse impacts on slope stabdlty due to geochemical reactions acloss the 6:li spatial
range of I{UCC waste-rock stockpiles?

TECHNICAL APPROACH

Phase I geochemical activities followed three pnncipal tracks:

1. Collection and preLmmary geochemical analyses of samples ftom a suite of test pits.

2. Compilation and critical rcview of existing Kennecott and conttactor studies
addressing geochemical and minetalogical aspects of the dumps.

3. Evaluation of the rates of geochemi.cal reactions and their impLcations for in-situ
w6athering in the rock piles.

METHODSAND PROCEDURES

In eatly April 2005, KUCC excavated 8 tests pits for the combined infiltration and shallow-
geochemical studies. Test Pits 6,7 , and 8 were excavated on the Castro Stockpile, part of
the South End l7aste Rock Dump complex. The pits were excavated using a KUCC track-

I Geochimica, Inc. page 2 of 17 ReDriarcd: lLNov-qL .
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hoe, following standard KUCC construction methods to m4intah safety. Vertical faces
rrere limited to 4 feet, separated by benches of 5 feet.

Erght (8) samples fot geochemrcal analysis were taken ftom the three Castro pits. The
samples were collected by a trained professional geologist and logged and photographed in
the field. After iniual chatzcteizttton, Eve of the Castro samples were split into two size
ftactions (> 6mm and < 6mrn) and tested on both a 'rhole-sample and a size-ftaction basis,
ptoducing a total of 13 Castro samples for geochemical analysis, plus field measutements of
paste pH and Conductirity ott ihs sight original Castro samples.

The as-received samples (and also the size splits) wete tested for paste-pH and paste-
conductivity, modified Sobek acid-base accounting (ABA), and single-addrtion Net Acid-
Generation OJAG) tests. All analyucal medrods were those standardized by KEL. Three
samples were sent to Leslie Research and Consuld.ng (Isawwassen, BC) for petrogtaphic and
mineralogrcal evaluation. The peftogtaphic evaluations ir:.cluded opucal @inocular
examination of clasts and ttansmitted and teflected light microscop,v of thin sections), X-tay
difftaction S.RD) analysis, and scanning-electrofl microscopy with enetgy-dispersion
analysis (SEI,{-EDS) to confirm minetalogical idenufications. The paste measurements
assess current acid-base balance within and across oits. The ABA and NAG data address the
potential for additional geochemical reactivity within these reaches ofthe stockpiles. The
minetalogical evaluations explain the nature of secondary rninerals (e.g., cements) and
illuminate the mineralogical basis for the cunent and futute acid-base conditions.

.\lthou.sh thq-( rql.!!_lsilpi!;\upLi [:!r-gi9l]1;rLgt(sJ'a|1Ul r!i!r, d1.!:-rr11:-e_[tiM!t a1]gl
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Document Revieuz

KUCC and contractors on the team identified 19 histodcal KUCC studies that'pete relevant
to the Phase I act-ivities. Five (5) of these, four dealing r.,rth mineralogv (including paste-pH
chatactedstics) and one reviewing the physico-chemical basis for heap leaching, were direcdy
relevant to geochemistry. In addition there was relevant information, for example, on
particle-size drstdbutions, permeability measurements, and soils/foundation conditions in
othel reports, also. The intemal reports most importaflt fot the geochemrcal evaluations
included

1971, Freeman [.D. Stephens and S. Abou-Zied, Rock Charactedstics and
\{inetalog'- of UCD Fteeman Dump. X,IA,ID-RD TR 71,-24)

1971, Keystone I S. Abou-Zied, Study of Copper Mrneralzauon in Eleven Samples
of Waste from UCD Keystone Dump. IVIA,ID-RC Interoffice X{emo]

1971, Nfidas lRock Characteristics and Mineralogl of UCD Midas Dump. MIVID-
RD TR 72-161
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o 1978, Westnghouse drilLng progtam [P.B. KLnger and Vt. Schlitt, Ivhneralogical
Study of Samples Recovered by the V/estinghouse Becker Ddllng Program on UCD
Dumps. N{N{D-RC RTR 77-151

o 1973, Theotetical teview p.N{. Cathles, An Analysis of the Ph,vsics and Chemistry of
Waste Dumps. Ledgemont Laboratory TR C-365 I]

. 1994O, B.P. Ream and WJ. Schlitt, Kennecott's Bingham Canyon Heap Leach
Program. Part I: The Test Heap and SX-EW Prlot Plant. [Undated and unlabelled
intemal report. There is a 1994 inter-office memorandum from B.P. Ream to RK.
Dal'ey on the SX-EW Pilot study that is the basis for estimattng the date of this
report.]

A new- report on the mineralogy of samples from this investigation has been produced:

o Jambor, J.L., 2005. ivLneralogv of Oxidation Products in Bingham Canyon (I{UCC)
Waste Rocks. Contractor report to Geochimica, Inc. October, 2005. [Electronic
copy on file with D. Cline S.T-TS) and Geochimical.

In additron to the KUCC documents, we rer,ieq'ed othet published hteratuie on $'aste rock
geochemistry, particularly that related to (a) porphyry-copper and porphyry-mol]'bdenum
systems and (b) experimental and field-scale data on weathedng rates. Important work in
the published litetanrte included:

o Cathles, L.IvI., 1994. Attempts to l\'Iodel Industrial-Scale Leaching of Copper-
Bearing N{ine Waste, ln C.N. ,\Jpers and D.W. Blow-es (eds.) Enr.ironmental
Geochernistry of Sulfide Oxrdanon, American Chemical Society Sy'mposium Sedes

550, p. 723-1.31..

o Ludington, S.D., G.S. Plumlee,J.S. Caine, D. Bove,J.M. Hollovay and D.E. I-ow-e,

2005. Questa baseline and pre-mining ground-rvater quality investigatrofl. 10.

Geologic influences on ground and surface u/aters in the Red Rir,-er watetshed, New
Nlexico. U.S. Geological Sun ey Scientific Investigations Report 04-5245.

r V/els, C, R. Lefebwe and A.N{. Robettson, 2003. An Oven-iev'of the Prediction and
Control of '\t Flow in Acid-Generating Waste Rock Dumps, Proceed:ngs, 6'n

Intemational Conference of ,{cid Rock Dranage, Cairns (QLD), Austrdra, p. 630-
650.

. Vtutq A.F. and S.L. Brandev,7995. Chenhal lVeatheingRates af Sibcate Miaerak.
I{rneralogrcal Society of America, Revrews rn l\lineralogy, r'ol 31.

We also considered the October 2005 presentations at the Geological Societl'of Amenca
(2005 annual meetrng) Theme Session Qllumber 175, 18 October, 2005) entitled "Nline Rock
P es and Pyriticallv Altered Areas: Their Slope Stability and Effects on Water Qualit/'
(GSA, 2005). The most televant geochemical information was presented by Campbell et al
(2005), w-hich showed that the jarosite formrng in natural weathenng of Quartz-Sericite-
P1'rite altered volcanic rocks at Questa, NN{ were 300,000 - 1.8 million 1'eats old.

Geochemical Evaluations of Rates and Imoacts

I Geochimica, Inc. page 4 of 17
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\t[btking from litetatute values, we har€ made some preliminary calculations of '"veathedng
rates (especially rates of generating clay mrnerals ftom primary alumino-silicates) and tried to
relate them to the observed 'qreathering in KUCC stockpiles. In doing tlrrs we follo.r, in
part, screening approaches suggested by Lasag (1998) andJambor et al. (2000), and in part a

numeri.cal modeling approach suggested by Bet}ke (1996; 2005) as it might be appLed to the
KUCC rock piles. The numerical modeling uses both full equitibdum and krneuc models of
the geochemical interactfon betrlren acidrc infiltratron and "gtarutic" rocks.
PHASE I GEOCHEMICAL RESULTS

Field infotmatron, acid-base accounting data and mineralogical tesults are available in the
contractor reports (too Iarge to make a credible attachment) on file with R:o Tinto ot from
Geochimica. The key findings ftom the geochemical testlng fot the Castro stockpile to date
include:

. In the Castro pile, cap-rock and test pits contaimng predominandy intmsive rock
have low pH and elevated conductivities. Howevet, Test Pit TP06 rvas excavated
into predominandy calc-silicate rock, and below the intrusive cap the pH of this
matedal temains circum-neutral (pH 6.88-7.6), and the conduculity values fall
toward the low end (near 2,000 uS/cm) for all samples tested.

r \Xtren the samples are splrt into size fractions, the Frner fraction (s t and smaller-sze)
has lower pH and generally somewhat higher conductir,ity.

r The bulk-sample paste-pH r,zlues measured immediately after excavation tend to be
drstincdy lou'er paste-pH and paste-conducti.vity values than those measuted several
weeks later. The reasons for these trends are not knosm at this time. Jambot (2005)
reports that no additional minerals ptecipitate during air drying of samples, so
precipitation of soluble salts dudng evaporation does not seem a Likely cause.
Perhaps there has been some ptecipitation of low-solubihry phases that incorporate
some of the labile acidity, as for instance hydronium (FlO*) ion in jarosites that do
not re-dissolve il the paste procedute.

r Although moistwe contents below the very-near-surface of the pile wete low and the
system u/as entirely unsaturated, in the Kevstone dump there is moist, wafm to hot
air venting upward through coarse la,vers in the rlaste rocks. Some vents teach the
dump surface on Keystone, where they appeat as water-vapor "fumaroles" on cool
days. Such temperatures or evideoce of rvarm-air movement was not seen in Castro
duting the 2005 field work.

The mineralogical evaluation flambor, 2005) includes the following key results, focusing on
the Castfo samples;

r The samples ftom Castro includes not only quartzite and i.ntrusive, but also a
significant fraction of catbonate-bearing calc-silicate.

I Geochimica, fnc. page 5 oI 17
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o The only secondary minerals that appeat as coatings and cements are iarosite [(K
H3O)FeIII(SO1)2(OFI))1 and gpsum (CaSOr.2HrO). Although very tiny amounts
can be identified in SElvf-EDS investigations, the effecuve abserice of goethite
(FeOO$ or its predecessor, ferrihydrite €.(OIDJ is noticeable. There is no
significant difference between the jarosites rn the leached sample from Code 51 and
the jatosite in the unleached samples fotm Keystone and Castro.

. Lirnestofle remains inside parually skarnified clasts in the Castro sample. This is
consistent with the measured Neutralizadon Potentials. In Castro samoles
containing the calc-silicate clasts, the paste-pH values are al1 close to pH 7.

o There are no identrfiable examDles of either nervlr-formed clav minerals or
secondary, amorphous silica, eien rn the samples with circum-neutral pasre pH and
obsen'able limestone in the calc-silicate matdx. There are rate clay minerals in some
of the intrusive fragments, but these appear to be hypogene hl.drothermal minerals
that do not teflect clav generation in the pile after mimng. The only silicate mineral
that shows alteration is bioute (a hypogene phase), which is transformed to an
intedayered rnineral, called "hydrobiotite", that has alternating la,l-ers of biotite and
K-free venniculite. The incongruent leaching of K form biotite is the source of the
K* ions that norv reside in the iarosite. Where bi.otite is absent in clasts, the jarosite
is either a mixed K' - HrOt or a true hydronium jarosite.

The mineralogrcal tesults for the 2005 samples are consistent uith the observations of
iarosite dominance and lack of er.'idence of newly-formed clays in the 1970's studies by
Kennecott.

RESULTS OF THE LITERATURE REYIEW

During the 1970s (parucularll), Kennecott staff extensively rer,iev-ed the geochemistry and
hydrolog,v of the rock piles rn order to understand how to optmize leaching. The leaching
ptocess was based on reacting strong acids with the rock piles at rates that greatly exceed
similar reactions occurring as a result of flatural ARD (Acid Rock Drainage). The increased
rate of reaction (compated to meteoric cond:tions) arises from two factors:

r The lower pH and much higher total acid-rrv* of the leach solutions compared to
meteoric solutions;

o The much higher, and more consistent, application rate of leach solution compated
to natural infiltratron through the p es.

Kev tesults from geochemical and mineralog'ical evaluations (especrally of the Freeman,
N{idas and Keystone piles - those investigations did not significandy address the limestone-
bearing southem rock piles because they w-ere flot suitable for leaching because of their high
catbonate content) in the 1970s hclude:

I Ttue iatosite contalns I! the hydroair-rm-substitution is r.ell knorvn mrnetalogicalll., but tequires a low-
potassium and high acidity system and is rate in most mioe-rvaste systems The sigmficance ofhydronium
jarosite is drscussed belou'.

I Geochimica, fnc. page 6 of 17 Reorinted: l0-Nor-02 t

Delet€dl 15-Oct-09

Delet€dt 7-Aue-09



F IL E 05- R e v2 00 9- 1 qApp e n di x C- S ta b i A ry6 o u th em Vas teR oc k
KUCC: Waste Rock - Long-Term StabiUry olcasto and the Southem Rock Piles

r Paste-pH values ranged from about 2 to about 4, with average values fle^r 3.5, 
^fldpaste-conductivity values rvere in the range of se'".eral thousand uS/cm. These values

ate indistinguishable ftom values obtained in 2005 outside the calc-silicate zone of
Castto.

. There were zones within the tock piles wrth ambient temperatures up to 130 F (50

C), and orygen contents approached atmospheric levels (15%-20% of total at
volume) throughout much ofthe pile and were detectible (at up to 3%o) everywhete
tested. These results implv a well-ox;'genated pile in which sulfides (especially pyrite)
are acuvely oxidizing to produce the obsen'ed heat.

o The principal secondary minerals were jarosite and glpsum, agarn idenucal with the
2005 results. [One of the eadv mineralogical reports discusses clay minerals
(especially kaohnite) and amorphous silica in "clay-rich" matrlx surtounding some
lithic clasts, but the X-rav diffraction, optical, and microbeam reports do not idefltl$r
these as newly formed, and the text makes a point of statiflg that the mineralogl'- of
the rocks at the time they were deposited is not known, so the clay minerals caonot
be shown to be ne.r,'ly formed.]

r Carbonate minerals wete entirely absent from al] leached rocks. This also is the
observation in the new 2005 u'ork., however limestone vas clearly ptesent in some
Castro samples in the Southern Rock Pile complex

There are some important results in the older work also in tetms of hydrogeology and
geotechnical patameters. The sigmficance of these for infiltration rr.ill be addressed primaril,v
by others, so this discussion will focus on results potenua\ rmportant for geochemistry.

Thete is a bimodal drstdbution of parucle sizes in the 1970s studies, with a large
pottion ofthe tested samples having log'er hrdtaulic conductiviues [K < 10 r cm/s;

ft < 1 darc;')], whereas othet portions represented gtavel or larger-sized coatse zones
rxith very high hy&auhc conductivities [K > 1 cm/s; ft> 1000 darq)]. In all thtee
leach dumps, 70% - 20% of the particles pass the 200 mesh (and ate called "slimes"
in the early reports, based on an operating term appropriate to tailing). Hydraulic
conductivities in these materials probablv would be about 10-5 cm/s to 10 6 cm/s (k
= 1 miliidarcj) or less. It seems likely, based on both the site-specific mrnetalogrcal
analyses and observations rn other mine sites, that the fines represeflt hypogene
mineral phases, which may have, in part, migrated through the coarsei layers to
accumulate ,r,'ith other, Frner material (silty-sand sized layers) dunng settlng and
hfiltration.
In 1982, KUCC conducted a particle-size dtstribution study for run-of-mine rock.
This studv for.rnd that onl,v a few petcent (certatnly < 57o) of the tested samples
passed the 200 mesh. Although it is not entrrely clear that the mn-of-mine rock *rat
reported to the Southem dumps ptior had the same particle-size distribution as the
samples tested in 1982, there is no reason based on the hthologies to expect much
hrgher fines content, and the available data indicates that the clay-srzed fraction is
suf6ciend,v small that it urould be unlikely to rnfluence the bulk mechanical behavior
of the rock pile..
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The bimodal permeability structure is the macroscopic fluid-phase expressiofl of the
altemating coarse- and fine-layerhg seen in the piles when they are excavated. This
permeability contrast controls the flow of air and heat pnmadly tluough coarse layers afld
flruds mrgtation predominandy in the fine layets as a consequence of the basic physics of
flurd flow in porous media rmder unsaturated conditions.

DISCUSSION

Geochemical Re activitv

There is a body of geochernical data, especially in seepage water-quality, that shows that the
rock p es, both those that have been leached and those that have not, are geochemically
actrve. The 2005 observation of residual pynte in waste-rock sarnples that have no residual
neutralization potential (outside the Southern tock piles) implies that the obsen'ed pyrite
oxidation that leads to the low-pH conditions rvill persist well into the future.
The obsen'ation, consistent ftom 1971 to present, that the maiority ofthe secondary
minerals produced by teactions in the Kennecott rock piles is jarosite and glpsum, and the
absence ofcatbonates in non-calc-siJicare rocks, implies that the principal reactions are:

r Oxidauon of pvrite (FeSr) to release Fe and S that oxidize to Fe3* and SO1'?-. P]'nte
oxidation is acid-generating. In addruon, the recl'cled Ieach solutions contained
abundant addiuonal Fe", added to the solutions in the Precipitation-Plant reactions.
Afl important matter is undentanding the point made by Cathles (1973) that the
principal oxidant of sulfides in the p es is Fe3* ion, and that the pnncipal role of the
high oxygen levels wrtlln the pile is to ensure that the dissolved iron v' 1be
maintained overwhekningly irr the Fe3* (fernc) state.

o Incongruent dissolution ofbiodte to hydrobiotite releases K* to pore waters. The
oxidation teactions ate sufficient to form pH conditions lou' enough to stabilize
jarosite [(I! HrO)Fe(SO.)r(OFfu] instead of ferdhydrite tpe(OfDJ (see Figure 2).
Where there is sufficient K* locally available, the iarosite is a classical K-jatosite.
\X/here K is deEcient, the pH is suf6ciendy lorv to allo,w. abundant lI* ions to react
with'd/ater to produce the hydronium (H.O*) seen in the hydroruum iarosites
documented rnJambot (2005). A sigmficant feature of the geochemrstry of all
Kennecott dumps examined to date is that jarosrte, not ferihydnte, dominates the
fuon precipitates that form cements and coat clasts.

o Dissolution of calcite (CaCO.) by the acrdrtv generated form sulfide oxidation to
eliminate the odginal carbonate minerals and provide the Caz' that is now plesent in
newly formed glpsum (CaSOo.2HrO).

o Although one earh report (the 1971 Freeman report) qualitatively described
kaolinite and arnorphous s rca rn the leach dumps, this was not confrrmed in the
minetalogrcal reports, and the 2005 sampling did not identifi any clay minerals tlat
were formed in place. The 1971 report concluded that the kaolinite and other clay
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minetals in the pile probably were largely ifnot entirely h]'pogene and unrelated to
any geochemical reactions witlin the pile after mming.

Figure 1 oudines the major stabiJity 6elds of secondary mherals and fluid compositions in
terms of pH and oxidation state, in the famrliar Eh-pH diagram (e.g., Bet}ke, 1996).
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Frgure 1 Eh-pH Diagram for Relative Stability Fields ofJarosite, Fenihydrite, and Pynte
(Figute calculated in Geochemrst's Workbench, Rel 6.0, Bethke, 2005)

E

:
:

t

o
=o

I.JJ

pH
12 14

Jarosite is stable under highly oxidizng conditions and pH r.alues bets'een about 2 and 4.5.
Fetnhydrite €.(OFD, is stable at higher pH. Goethite @eOO$, is an aged, dehydrated
iron hydroxide phase that would form ovet long time penods, ultimately encompassing the
field of both fernhydrite and jatosite flambor et aI., 2000). Calcite, the major rnineral in
limestone, is unstable at pH below 6, so a system precipitating jarosite must be dissoh'iflg
calcrte. The iron drsulfide, pyrite, is stable only under reduced conditions. In the waste rock
ptle, w-hich is well orygenated, pyrite oxidrzes, with the iron ulttmately reporting to a

secondary hr'-droxasulfate fi arosite) or hy&oxrde (initially ferihydritQ.

Reaction Rates and Inplications fot Dump Stabilitv

Excludrng small-scale unrav-elng and shallow slips near dump toes, dump-stability issues at
Bingham Canyon [2o'.6..n associated uith fluid management in the leach systems

@enmchele, A.D. and N{.B. Kahle, 1971. Stabilitv of \faste Dumps at Kennecott's Bingham
Canyon Xfine. Transactions of AIN{E, vol. 250, p. 363-367). The dumps have histories
extending back pnor to 1930, so there is at least a 75-year Instory that shows that the
conjectute of geochemical instability is not sigmficant to time periods on the order of 100

,
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years, so long as fluids are well managed (or the piles afe not leached, fot example the Castro
tock pile). It is worth looking into the fundamental controls tlat may explain this afld t{fhg
to estimate some rates for important reactions that may he$ estimate the long-term
stabilrties.

One may analyze the basic conditions for slope stabrhty rn tetms of shear strength:

I = c+ (o" - p" ) tan$

rl'here t = shear strength
c = total cohesion,
o" = normal sftess

P" = .J,/ater pressuie

Q = friction angle

[V. V'ilson, petsonal communicatron, 2005]. The cohesion term (v.hrch could, in principle,
be measured in intact samples at ambient moistute content) can be divided into a "true"
cohesion term encompassing adhesion, cementation and the effects of stress history, and an
"apparent" cohesion due to matric sucdon in unsaturated materials.] The two critical
geomechanical parameters, then, are friction angle and cohesion. It should be noted that
conventional slope stab rty analyses generally ignote cohesion entirely and consen'ati!-ely
assess stability in terms of fdction angle alone. Flowever, a notable featute of several of the
KUCC leach dump is that they have cemented into ferricretes' that are so strong, thet, at
least in some cases, they must be blasted to move the pile (Pennichele and Kz'r1e,797 7; Z.
Zavodnt, petsonal communication, 2005; V. Peacey, personal conmunication, 2005). In
other dumps, the cements exist only as a thin crust on dump surfaces fl. Pdz, personal
communicatiorq September 2005), and some dumps can be excavated without blasting @.
Vinton, personal communication, 2005).

Fricnon .\ngle and Geochemtstry

Friction angle will be a firnction ofparticle size, particle rnterlocking (densiry) and shape.
Ptocesses that rvould tend to teduce particle size (e.g., convetsion of feldspars to clay
minerals) or that would tend to smooth rough surfaces ',vould tend to reduce friction angle,
and thetefore move a p e that originally was stable due to friction alone torpard a state of
instabiJity. This is the essence of the geochemical-instabiJity conjecrure.

The question then arises: at w-hat rates would one expect tock-formrng mrnerals to dissolve?
This has been a very active area of geochernical reseatch in the past 10 - 15 years. A usefirl
summary is presented in Lasaga and Bemer (Lasaga, A.C. and R.A. Bemer, 1998.
Fundmental aspects of quantitative models for geochemrcal cycles. Chemical Geology, vol.
745, p. 167-175.) and teproduced here as Table 1.

' "Fenicrete" refers to a material, yisually similar to concrete, in which clasts (the "aggregate") is cemented
by an ton-rich matrix In the general case, that matdx can be fenihydrite (Fe(OH)3, goethite (FeOOfO,or
j arosite (Kf €(SOa)2(OH)5. In the Bingham Creek piles, the cement is primarily jarosite
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Table 1 N{ean lifetrme of a 1 mm crystal at 25C and pH 5 (mirrerals directly relevant to
Bingham waste rock high.Jrghted)

tr{inetal Lifetime ('r'ear) N'[neral Lifetrme (yeat)

Calcite 0.43 Albite 575,000
Wollastonite 79 Microcline 921,000

Forsterite 2300 Epidote 923,000
Diopside 6800 Muscowite 2,600,000
Enstatite 10,100 Kaotinite 6,000,000
Sanidine 297,000 Quattz 34,000,000

The minerals consideted by Lasaga and Beflrer were prue minerals. If, rn a rnineral deposit
such as Brngham Canyon, some ofthe minerals had been affected by hydrothermal
conditions prior to mining, it could be that their dissolution behavior rvould be different
from that considered b,v Lasaga and Bemer. Additionally, reacdon tates v'ould be slight\
higher at 50 C and at pH 3.5 than those considered in the origrnal study. It should be
noted, however, that inJambot's detailed evaluation ofcurrent samples flambor 2005), he
found no evidence for alteration of any hypogene phase except biotite. In any event, the
telative rates would remain the same, and even if the rates vere 10 ttmes lugher, the basrc
information remains the same. The most important features of this table are:

o The only fast-reacting (less then several decades), rock-forming mrneral is calcite.
This is expected to be the case also at Bingham, based on the mineralogy of country
rocks and intrusives.

o Skatn minerals knovn at Bingham rnclude rvollastonite and diopside, and the
reaction rates for these are long compared to calcite. Therefote clasts of calc-silicate
rock may contain residual limestone that is protected against acid attack by the rind
of skarn minerals (see Jambor 2005 for an example ftom Castro dump).

r The principal rock-forming minerals of the intnrsive rocks and quartzite u,'ould not
be expected to dissolve in any time period of intetest to this evaluation.

In summary, except in limestone-rich rocks that mav come h contact.q,'ith ARD, large-scale
dissolution, sufficient to reduce fdction angles sigmficandy in the rock-formiflg minerals at
Bingham would requite tens to hundreds of thousands ofl-eats. \Vhere carbonates are
present, as in the calc-siLicate rocks at Castro in the Southetn complex, the natual acidrty
(these were not leached) would be neutralized and all reactions would be very slow.
Cettainly, coarse-rock zones in the piles would be almost entire\ unaffected, unless the
clasts were limestone that is not rimmed r.,rth skatn. Supporting ttrrs long time frame,
radiometric dating of weathedng minerals f atosites) in naturally weathered Quatz-Seticite-
Pyrite altered gneous rocks at Questa, NN{ show that the alteration process there has taken
300,000 to 1,8 milJ.ion years to ptoduce the natual "scars" seen on the sides of the valley
there (Campbell et a1., 2005).

Cohesion and Geochemistry
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The most exEeme cohesion seen in rockpiles arises from the precipitation of secondary
cements in open pore space. This is very eudent in the calc-silicate zones of the Castro rock
pile, whete iarosite has completely filled the open pore space, produchg a "fetricrete": a
fetdc-iron cemented material that resemble concrete, rn which the "aggregate" is the pre-
existing rock ftagments of what was a potous medium. The effect is striking in Figure 2
(fromJambor,2005).

Figure 2 Cernentation (as ferricrete) of limestone clasts by iarosite (reddish-brown) in Casfto
Dump ['Ouck' diameter '32 mm]

A fetricrete such as.illustrated ln the two clasts on the left side of Figue 2, must be sawed
with a diamond blade or broken by percussion with a heaw hammer

The son of cementad.on seen in Figure 2 is not limited to Castro. Other parts of the leach
dumps, which wete under leach for decades, have yet more extensive cementation, as shown
rn Frgrue 3. As discussed above, in some places in the leach dumps, the cementation is
sufficiendy robust that, if the dumps need to be deconstructed, ddlling-and-blasung is
required, as has been observed recently on historic dumps rimming the east, west and
northwest walls of the Bingham pit, and some faces of up to 50 feet remain verrical aftet
excavation ff. Peacey, personal communication, 2005).

Figure 3 Ntaior zone of fericrete cementation in V/est-Side leach dump @hoto is courtesy
of Z. Zavodn
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The leach solutions used bv KUCC wete a very advanced fotm of "acid-rock drahage": low-
pH, high-iron; hrgh sulfate solutions denved, ultimately form pynte oxidauon in the rock
piles themselves. The mrneralogv, based on X-ra,v drffraction and scanning electton
microscopy as well as by standard methods of optical petrography, of the cements examined
in 2005 (and as describedin the 1970$ is essentially identical whether the rocks have or have
not been leached. Therefote, it is geochemically reasonable to infer that the process of
cementadofl seen in the leach dumps also would occur in the nonleached dumps, although
the extent of iton precipitation in the leach dumps is related to the very lugh concentrations
and large total mass flr:-res of iron in those systems during the leaching hustov. There are
some bounding calculations that ofle can use to assess dre differences between the leached
and unleached dumps and to assess whethet, and when, an unleached dump can achieve the
degree of cementation seen in the leach dumps.

The amount of iarosite present as a cement in a dump is a f.rnction of the amount of iron
and sulfate that has flowed through that pore ,pu.., L".rt,.. there is 1 mole of Fe and 2
moles of SOn fot every mole of jarosite [KFe(SO)r(OF!u] present. Now, the flu-x of Fe3*
and SO4' through the fotcedleach dumps Ls several orders of magnitude (probably >3
orders of magnitude) greatet than in non-leached dumps. This adses from the high \,?tef
application rates and the high concentrations t1'pical ofthe recycied leach solutions. Cathles
(1973) states that the appLicanon rate ofleach solution on the full-scaie Nfidas dump was
about 0.25 gal/ff /hr1, or 8.92E+1 m/yr (per m),.r,'hich is about 2 orders of magnitude
hnghet than the a'"erage annual precif tation (estrmated at 700 mm). In fact, because the
dump apphcation was maintained as ponded water for long penods, the infiltration was
ptobably anothet ordet of magnitude higher than that under natural conditions (estimated at
aboutl57o and certainlv less than 30ok of annual precipitanon by Nt. O'Kane, personal
communication, 2005). In addrtion, total iron concenttations in acidrc dtalnage from
porphvry-style rocks is usually around 100 mg/L (e.g., Plumlee, 1999), whereas the recycled
leach solution would have been close to 7O g/L, and certainly above 7 g/L, so there would
be another 1-2 orders of mae tude increase in flux associated g'ith concentration alone.
Thus, the flu-x of Fer* in the-system wh e the tocks were under leach was probably 3 to 7
orders of magnitude higher than w-ould be expected in the unleached rock piles, and this is
the prncipal reason why there are extensive zones ofdense, jarosite-tich ferictete in the
leach dumps, .l'heteas cementation in the unleached zones that we observed in 2005 in
Keystone and Castro were limited and somewhat ephemetal (except in the calc-silicate zones
as shown in Frgure 2).

In his 1973 paper, Cathles calculates a "charactedstic time" fot complete leaching of the
Bingham dumps. The "characteristic trme" is a concept derived from chemical engineering,
whete it tepresents the penod required fot full reaction in a given volume undergorng flow at
a glven average tate. Cathles' calculations, supported by laboratory and field,scale data,

3 
Cathles (1973) states thal the application on the lr{rdas test Pad rvas 0.26 gal / ftL/ht arld that rine appJication

talc to the fr:ll-scale pile *'as l0 times highet.

;,
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shorved that the characteristic time fot UCD dumos undet leach was about 380 months. or
30 years. Given that the flu-x rate of Fe3* ,ras very much greatet than that expected for the
non-leach dumps operating under neteoric flow, suggests that fol natural meteoric
conditions to approach those seen in a fi.rllyJeached dump (e.g., Figute 3) would require very
long times.

Despite the likelihood that meteodc dumps would not achieve the degree of cementation
seen in the leach dumps for very long times, the basic geochemical behar.ior is such that the
dominant outcome is cleady a trend torvard incteased cohesion. The geochemical reacdons
that tend to krcrease cohesion by producing cements occur very much faster (w-eeks to
months, as seen in the leach dumps during operations), compared to thousands or tefls of
thousands ofyears needed fot dissolution to adversely affect intemal friction characteristics
of even fine-grained portions of the system.

CONCLUSIONS AND RECOMMENDATIONS

The principal conclusions ofthe Phase I study wrth respect to the Southem Rock Piles
include:

o Rock piles are geochemically active and ptoducing acidrc drainage or locally (v-here
limestone is present) neutralized but high TDS se€page that preupltates $i?sum.

. Pynte oxidation reactions rvill persist fat into the future, ptobably hundreds of years
or more, based on the amount of pydte remaining and the oxidation rate of pyrite in
Ltt,

o There is no evidence from the neu'or old minetalog,v reports that feldspars and
other alumino-s rcates are being coff-erted to clay mrnerals at rates that lead to
obsen'able amounts of clay rninetals in periods of several decades.

o There .is actlve precipitation of secondary, cementing minerals, largely iarosite
[KFe(SO.)r(OFI).] and lesser amounts of gypsum (CaSOn.2HrO), in both leached
(Code 51) and non-leached (I(eystone and Casro) dumps.

r The mineralogu- of the cements does not depend on the lithologres of the local clasts.

o The amount of cementation is greater in the leach dumps than in the non-leach
dumps, because a very much griater flu-r of Fe3* and SOr' have passed through the
leached dumps.

o Thete is no reason to expect that the ferdc minerals precipitated in the v/aste-rock
dumps would become chemically unstable and dissolve. They may cofl'ert over dme
to a more goethite-like ferric hydroxide @eOOFf , but this is expected to occur over
centudes or e,,.en longer and w-ould leave the dumps still iron-cemented. Glpsum ln
very shallow zones may be subject to dissolution and re-pteciprtauon cycles, during
shallorv infiltradon eveots, but this is unhkely to be important mote than a very few
metets below ground surface.

r Because the geochemical ptocesses and the initial tocks ate identical mrneralogically,
the non-leach dumps will evolve toward conditions such as those seen in the leach
dumps, i.e., increasing cementation (cohesion) over dme.

,
I Geochimica,Inc. page 15 of 17 Reorin red: 10- N o r'- 02'

Deldedr 6-oct-09

Deld'aedt 7-Au*09



FI LE05- R eu2 M L 10App e n dix C- S ta b i li ry S o u th e m Wa s t e R o ck
KUCC: Vaste Rock - Long-Tetm Stabi6ty of Casto and the Southem Rock Piles

Dissolution of particles as a mechanism for grain-size reduction cannot occrrt at a
rate sufficient to significandy reduce internal ftiction in the dumps ovet ume periods
on the order of hundteds to a ferv thousands ofyears, and ptobably would require
tens to hundteds of thousands, or even millions of years.

Therefote, we conclude that the geochemrcal trends in waste rock dumps, specifically
rncludrng Castto and the other Southem Rock Piles, ate toward greater stabilitv,
through addition of true cohesion, tather than torrwd rnstabilty due to particle-size
reduction and loss of intemal fdction.

We recommend that the Phase I team and KUCC personnel meet to discuss the outcomes,
conclusions, and Iimitations of the interim study and determine whether additional studies
are watanted at this tme. A furthet seatch for relevant in-house files is iustified.
Expansion of the proglam to other dumps on a near-surface basis could be accomplished
with a scope very sirnilar to that used in Phase I.
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Section 1 - Executive summary

This appendix places the construction of the South KUCC Waste Rock Dumps into a

historical context by evaluating the progression of the dumps over time. By understanding

the dump progression, subjective inference can be made of the materials placed in the

dumps based on the geology of origin of those materials in the pit. The progression of the
dumps elsewhere around the Bingham Pit also qualitatively attests to the historic stability of
the dumps, as some of the dumps are now over 100 years of age and most dumps are older
than 25 years before present. In comparison, the South dumps were placed beginning in

about 1970's and have been incrementally added to since that time.
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Appendix D - Development of the KUCC Waste Rock dumps over
time

D.l Overview

This appendix summarizes a review of historic aerial photographs to trace the construction
history of the KUCC waste rock dumps over time. The purpose of this work is to review the
e,onstruction history of the dumps, understand the historic stability of the dumps and gain a
perspective of the materials placed into the dumps.

As indicated in Appendix B, from the beginning of mining at the turn of the century to the late

1990's approximately 140 Billion tons of waste was moved and placed into dumps
surrounding the pit. Large quantities of waste production began in the late 1940's and from

the 1 970's to 1980, waste production (stripping) was generating approximately 3 to 6 Million

tons per year of overburden material.

Total overburden production estimated from ore produced and the stripping ratio is depicted
on Figure D-1 .

Bingham Canl,on
Alnual and Currrulative Waste Production per Year

tt

3
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A
/'\

^A,
n/ lv L
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1930 1980 1990 2000

Figure D-1- Estimated Bingham Canyon waste production estimated fron ore production and stip ratio (aftef

Krahulec, 1997)

Information that may be obtained from the aerial photograph review includes the following:

o Dump proqression (i.e. foot print crest / toe at various points in time). The advance
of the dumps was mapped by identifying the toe of the dumps at approximately 10
year intervals in time.
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Approximate material composition can be estimated by reviewing the open pit fool
print and making inferences about the general types of materials that were being
mined and placed in the dumps. The dump composition information is supported by
anecdotal information regarding the dump construction.

Leached areas. The leached areas of the dumps (either by flooding or trickle
irrigation) are quite apparent on aerial photography. These areas could be digitized
and the dump areas that have been subject to leaching be determined.

Dump Progression

The principal drainages surrounding the Bingham Pit and dumps are as follows:

o.2

Table D.1- Summary of Dumps and Mateials placed into them

Dump Group Drainages Filled Waste Materials Placed

North and West Pit Markham Gulctr Primarily Quartzite with inlrusives

Dumps

Cottonwood Gulch

Dry Fork

Freeman Gulch

Bingham Canyon Bingham Canyon

Dumps

Eastside Rail Dumps Bluewater 1, 2 and 3 Aboul 32 percent intrusives and

60+ percent quartzites, other

minor constituents.Midas 1 and 2'

Congor 1, 2 and South Congor

Crapo

Eastside Truck Waste North Keystone and Keystone Quartzites and intrusives

Dumps

Losl

North Copper and Copper

South Dumps Yosemite Intrusives, quartzites and calc-

silicates / limestones (these are
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Dump Group Drainages Filled Waste Materials Placed

primarily limestone dumps)

Historic aerial photographs were reviewed to determine the location of the dumps at
approximate 10 year intervals. The approximate progress of the extent of the dumps in 10

year time increments was developed. The following figures show the dump progression

overlying various base maps:

. Figure D-2 - Extent of dumps overlying USGS topographic maps.

Figure D-3 - Extent of dumps overlying Bingham Mine generalized geology.

Figure D-4 - Extent of dumps overlying a 1977 aenal photograph of the mine area.

Figure D-5 - Extent of dumps overlying a 1983 aerial photograph of the mine area

Figure D-6 - Extent of dumps overlying underground mine workings.

Other combinations and permutations of the dump footprint overlying the original topographic
maps, historic mapping by others and the other base maps €n be generated within the GIS

database used to develop these maps.

Table D.2- Summaries of the areas were materials were Dlaced over time

Date Range Location of Primary Waste Dumps Color on Figures D-1

through D-5

Prior to 1 940's Markham (north) and west wall of pit [Note some of these
(>70 yr old) materials were subsequently remined.l

violet

1940 to 1950 Along south slope of Bingham Canyon via rail

(60-70 yr old)

Purple

1950 to 1960's Extending outward from Bingham Canyon and around the Blue

(50 - 60 yr old) East side via rail

1960's to 1970's Extending out from Yosemite notch and extending further
(40 - 50 yr old) south along the East side (rail and truck). Some waste

being placed in Dry Fork

Green

Mid 1970',s

(-45 yr old)

Extending further out along North half of East Side Light green
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1980's High truck waste dumps established late in the 1970's Yellow
(20 - 30 yr old) immediately north of Yosemite Notch. Toe of East side rail

dumps was extended. Soulh dumos were established.

1990's

(10-20 yr old)

Material placed in Dry Fork Canyon and in South dumps Orange

Bingham Canyon dumps developed Not shown in color

In the 1940's, waste was hauled by rail to the west dumps and to the north (Markham Gulch)
dumps. Old photos show railroad trestles, which were required to cross the former Bingham
Canyon. The rail dumps were generally constructed from the bottom upwards using side
dump rail cars. The dumps were essentially constructed in approximate 50 feet high lifts.

Some of the waste was also hauled out the lower portion of Bingham Canyon and dumped
along the side of the canyon.

Beginning in the 1 950's, most of the waste was hauled down Bingham Canyon. The dumps
were progressively advanced to the northeast until the mouth of the canyon was reached.

Dumping subsequently "wrapped around" southward along the East side. Waste was placed

in lifts and grade changes between loading and dumping were minimized. Dumps were

terminated against major drainages. Acid leaching was initiated in 1965.

D.3 Progression of Dumps Over Time

The following figures show the approximate advancement of the dumps over time by

depicting the approximate toe of the dumps in 10 year time increments.
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Figure D-2 - Extent of dumps overlying USGS 1980's topographic maps
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Figure D-3 - Extent of dumps overlying Bingham Geology dumps
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Figure D-4 Extent of dumps overlying a 1977 aerial photograph of the mine area.
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Figure D-5 - Extent of dumps ove,lying a 1983 aerial photograph of the mine area.
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Figure D- 6 - Detail of progrcssion of the South End dumps ovedying historic undergroud woHngs
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Section 1 - Executive Summary

Project Purpose and Scope

Rio Tinto Technology and Innovation (T&l) was requested by KUCC to address the potential

for debris flows to overtoo the detention basins situated at the base of the South End

drainages. This work involved a review of aerial photography, development of input
parameters for utilizing Dan-W (a debris flow run out distance software package), completion
of Dan-W analyses, development of altemative mitigation schemes and preparation of this
summary report. This work was a follow up on effort to evaluate a debris flow that occuned
on July 27'" 2OO7 and is in response to a Notice of Violation (NOV) by the Utah Division of
Oil, Gas and Mining (DOGM).

Findings

Dan-W analyses indicate that it is highly unlikely that debris flow events travelling down the

dump face have or will overflow the catch basins as an intact debris flow. Parametric Dan-W
analysesl indica'te that there are few combinations of reasonable input parameters that would
have caused the travel distance 10 exceed the basin loc€tion. ln the case of the July 27,

2007 event, the most likely scenario is that the debris flow clogged the basin outlet, which

subsequently c€used silt laden water to overflow the basin. The parametric analyses found
that for sediment to travel the distances observed the debris flow characteristics would need
to change orthe material must become highlyfluid during its travel path. Since fine grain

malerial has migrated off site on several occasions, the possibilities to explain this
observation includel

o The debris flow filled the basin in the early part of a storm, either plugging the basin
outlet or reducing the avarlable storage for the storm evenl that subsequently occurred.
Sediment-laden water then overtopped the basins.

. The debris basin was already full of water at the time that the debris flow orcurred and
the debris flow displaced the waler causing the flner sediment to overtop.

The observation that most ofthe off site incursions involved fine sand and silt sediment lvhile
granular materials were observed in the basins corroborates these findings. There is little
evidence that debris flows containing the large gravel and cobble size constituents eltended
beyond the debris flow basins.

Recommendations

Historic review of previous debris flow events indicates that a typical debris flow is on the

order of 750 to 1200 cubic yards of material. lt is recommended that the catch basins at the

1 Parametric analyses were performed by varying R, within lhe geometrical, material property and geometry

constrainb described in Table 3.
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toe of the dumps be provided with the supplemental storage capacity to contain sudr a debris

flow event and the 10 year 24 hour storm described in a companion report by URS

Comoration.

An alternative method to containing the debris flow within a basin is to reduce the debris flow
velocity such that the debris is unlikely to enter the basin itself. Dan-W modelling found that

there may be several means to reduce debris flow velocity and reduce run out distance. One
of the more promising approaches was to terrace the toe of the dumps, by shaping the apron

of debris al the toe of the dumps into a 'stair step' pattern. The concept is to use these stair
steps to dissipate the energy of the debris flow and thereby reduce the travel distance. There

are limitations to the stair-step geometry and Section 5 of this report should be consulted for
soecifics.
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1.

Section 2 - Dan-W Modelling and Findings

Introduction - Waste Rock Dump Construction and Erosion
Processes

During waste dump operations, particle segregation occurs down the dump face. In general,

the finer grains size silt and silty sand particles deposit near the crest of the dumps, while the

large cobble to boulder size particles roll or sa/tale down the dump face, Very large boulders

ofren break up as they bounce down the dump face. In general, this particle segregation

causes a slight over-steepening of the dump face with slope angles in the upper portion of

the dumps extending at over 40 degrees. The over-steepening is attributed to "apparent

cohesion" within the flne graln particles (a function of partial saturation of these materials).

The angle of repose ofthe coarser particles is generally between 35 to 38 degrees, which is

also mnsidered to be close to tlre angle of intemal friction (or 0 angle) of the dump materials

under low stresses. Over time, there is a tendency for the dumps to flatten slightly from their

initial angle of repose of 37 to 38 degrees to the presently observed 35 degree slope angle.

The flattening may be attributed to settlement and erosion processes.

The more erodible sand, silty sand and silt (with hace clay) particles are situated at the crest

of the dump as described above. The less erodible gravel to boulder size parlicles

congregate at the dump toe. The overall dump composition therefore varies from fine
particles at the crest to coarser parlicles at the toe. However, trenching through dumps at the

Questa Mine (Gutierrez, 2008) in New Mexico indicates that this general process is quite

complex in the lield. This is due to the fact that different sizes of waste materials are placed

onto the dump with each truckload. The differences are due to varying composition of the

overlcurden waste rock, varying energy levels during the actual dumping and variations in

blasting (which influences particle size). lt is not unusual that waste rock was hauled from

several locations or shovels at one point in time, therefore the dump composition can be quite

heterogenous at any given point. Weather and moisture conditions at the time of dumping

can also influence the energy levels for the dumps.

A good description of dump stratification at the Questa Mine is provided by (Gutierrez, 2008).

Excavations wilhin the Bingham Pit through the Markham dumps reveal that similar
processes are observed at KUCC. A sketch of typical waste rock dump deposition is shown

on Figure 1.
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Figurc 1 - Typical dump depositon (modified after hylw.infomne.com). A zone of hoizontal slratificaUon has

been added at the dump crcst to simulate shotl dumping to maintain dump elevation due lo dump

sefrlen,ent. Coa6e rcck chimneys are zones Merc heat released duing acid gene?tion is rcleased.

As more materials are placed on the dump face, settlement occurs. Settlement is caused by

lhe particles rearranging from a loose state (dumping) to a denser state. This particle

rearrangement changes the inlernal shear strength of the dump materials as particle

interlocking increases. However, at very high stresses near the base of the dump, shearing

of some aspenties occurs, causing a slight reduction in shear strength. Shear strength is

often plotted in terms of the Mohr-Coulomb shear strength envelope. Under low stresses, the
Mohr-Coulomb envelope is generally considered to be linear. However, due to the high

stresses at depth, the Mohr-Coulomb envelope for the dump materials is considered to be

nonlinear.

To maintain a level dump surface al a given elevation, mine operations typically shoft or plug

dumpsby placing piles of loads on the dump surface- A dozer is then used to level outthe
dump surface, causing pseudo-horizontal stratification. As settlement occurs and the
process is repeated over time, the crest of the dump often results in a series of near

horizontal layers that mimic the original complete gradation of the material hauled to the

dump. Since dump settlement can constitute 1O to 15o/o2 of the dump height, the zone of

horizontal layering can extend 70 to over 1OO feet thick in a 700 feet thick dump3.

Settfement near the dump cresl also occurs in the form ot infinite slope type displacements,

where slippage of the outermost over-steepened materials occurs. The infinite slope

displacements are evidenced by a series of steps at the Yosemite dump crest and elsewhere

on the dumps (see Figure 2).

' Representative void ratios for loose to dense materials can be used to perform void |atio calculations that Indicate

the 10 to '15% settlemenl number is a reasonable range
3 The adual dump thickness is nol the toe to cresl height at KUCC because the dumps were placed on sloping

topography, therefore the dump thickness is less lhan the height from crest to toe.
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Figure 2 - View of seftbment qacks and suficial movemenl al crest of Yosemite dump TheF- is abundant

evidence that shallow slips of the suiace conAnue to occut. Tension cracks arc sometimes gbseNed as

far back as 500 feet from crcst. Cracks tend to "heal" themselves ovet time. Suvey monumenls

situated uo slooe of these crccks settled 3 lo 4 k inches lrcm Oct 2005 to ADfl 2007. DisDlacement

a/ong tfiese scaps is much greater and on lhe odet of tens of feel.

Observation of aerial photographs during the period 1977 through 2006 indicates there are

several surface erosion processes occurring (see Attachmenl A for detail). Factors that
influence the erosion processes include:

. The grain size of the dump materials: fine silts and sands are more highly prone to
erosion than coarse particles.

The fine grain size malerials also have a high moisture retention value and tend to
maintain higher moisture contents.

There are generally few clay partides present in the dump that provide cohesion.

Concentration of surface water flow along the dump crest leads to erosion gullies.

Some berms at the dump crest tend to impound water, which ultimately impacls
infiltration on the dump surface and contributes to the high antecedent moisture
conditions.

. lf water overflows the berms at the dump crest or there is a breach, then a debris
flow mav occur.
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. There are scars present on the dump slope, indicating that some ofthe infinite slope
movements may have become saturated and caused debris flow events.

In addition to surface erosion by overland water transport, a number of earth movemenl
processes may influence dump erosion. These processes are defined in Table 1.

Table 1 - Earth Movemenl Pagcassss

Sediment Flor,\,s (reterence: )

Sediment flows occur when sufiicient force is applied to rocks and regolith that they begin to llow down slope. A
sediment flow is a mixture of rock, and/or regolith with some water or air. They can be broken into two lypes
depending on the amount of waler present.

Slurry Hows- arc sedimenl flows that contain belween about 20 and 40% waler. As lhe water content increases
above about 40% slurry flows grade into streams. Slurry flows are considered water-saturated frows.

Granutar Ftows - are sediment flows that contain between 0 and 20% water. Note that granular flows are possible
with litlle or no water. Fluid{ike behavior is given these flows by mixing with air. Granular flows are not saturated
with water.
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$urry Flows Granular Flows
400 km/hr
,|00 km/hr

1 kmlhr
100 mlhr

1 m/hr

1m/dav

1m/yr

I cm/yr

^.40%
+-- Steam Flow

*20%

% Waler

Each of these classes of sediment flows can be further subdivided on the basis of the velocitv at which
flowage occurs.

SIurry Flows
. Solilluction -lowage at rates measured on lhe order of centimeters per year of regolith containing water.

Solifluction produces distinctive lobes on hillslopes. These oc,cur in areas where the soil remains saturated
with water for long periods ot time.

. Debfis F ows - these occur at higher velocities than solifluction, with velocities between 1 meter/yr and 100
meters/hr and often result from heavy rains causing saturation of the soil and regolith with waler. They
sometimes start with slumps and then flow downhill forming lobes with an irregular surface consisting of ridges
and furrows.

. Mudflows - lhese are a highly fluid, high velocity mixture of sediment and water that has a consistency
ranging between soup-like and wet concrete. They move at velocities greater than 1 km/hr and lend to travel
along valley floors. These usually result from heavy rains in areas where there is an abundance of
unconsolidated sediment that can be picked up by streams. Thus, afler a heavy rain, streams can turn into
mudflows as they pick up more and more loose sedimenl. Mudflows can travel for long distances over gently
sloping stream beds. Because oftheir high velocity and long distance oftfavel, they are polentially r,/ery

dangerous.

Granular Fiows

. Creep - the very slow, usually continuous movement of regolith down slope, Creep occurs on almog?
slop€s, but the rates vary. Evidence for creep is oflen seen in bent lrees, otfsets in roads and fenqts,

Report numberrJ2Qg4& - -, ?ry_l?! 49

,
Date \Eljlplll 92003 Teclqolgglc€l 8€.:ources Ry Limiteq -'

Debrls Flow Earth Flow

Formatted: Font: Not Bold

Deleted: 12094-2

Deleted: Oct-21-09

lgeleted: Oct-14-og



2.

inclined utility poles.

Earthflows - arc usually associated with heaw rains and move at velocities between several cm/yr and
100s ofm/day. They usually remain acti\,re for long periods of time. They generally tend lo be narrow
tongue-like leatures that begin at a scarp or small clifr.

Grain Flows - usually form in relatively dry material, such as a sand dune, on a steep slope. A small
disturbance sends lhe dry, unconsolidated grains moving rapidly down slope.

Debris Avatanches - These are very high velocity flows of large volume mixtures of rock and regolith that
result from complele collapse of a mountainous slope. They move down slope and lhen can travel for
considerable distances along relalively gentle slopes. They are often triggered by earthquakes and
volcanic eruotions.

The processes that have been observed on the surface of the KUCC dumps include primarily
particle erosion due to water transport resulting in gullying, and debris flows / mudflows.
These are described as follows:

o Particle erosion includes the continuous movement of individual oarticles due to wind
and water. Particle erosion is largely attributed to the fact that there is no vegetation
cover or other stabilizing agent present on the dumps.

. Gullying and rilling occurs due to water transport. At slope distances greater than
approximately 50 to 100 feet from the dump crest, erosion gullies are observed.
These gullies form as ovedand transport coalesces into small 'streamlets" and these
"streamlets" continue to coalesce into more pronounced flow paths. Gullying of this
type is attributed to precipitation and snowmelt.

o Debris or mudflows occur when the uppermost f ne grain size materials become
saturated and flows as lobes down the slooe. Such /obes of material are evident
along the surface in aerial photographs and can be observed extending from near the
dump cresl all or part way down the slope. Moisture conditions at the surface of the
KUCC dumps are quite close to 20 percent moisture, indicating that the materials are
al the boundary between slurry and granular flows.

. At the toe of the dump an apron of material forms from these erosion processes. The
distribution of slope angles of these apron materials is bimodal, as follows:

o The steeper apron materials average 20 +/- 5 degrees (mean +/- standard
deviation)

o The flatter apron materials average 6.5 +/- 1 .5 degrees.
o The overall average is 13.5 +16 degrees.

Out ofthe above processes, debris flows are most problematic because they are episodic in

nature and associated with meteoric events. When such debris flows occur, sufficient
containment must be present along the toe of the dumps to contain the material. Otherwise,
overtopping of the containment structures occurs and the fluid flows can migrate ofi property.

Information that Dan-W can provide

The Dan-W software program provides the following useful output:

r Dan-W can predict the distance that a debris flow will travel. This orediction is based
on developing realistic input assumptions, calibrating to some known events and
assessing a range of those conditions in the profile of interest.
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3.

. Likewise, Dan-W can predict the velocity that a debris flowwill travel at various
locations along the debris flow path. At KUCC, this is not considered a major
concern because historic evidence suggests that the debris flows are relalively slow
traveling (1 to 100 m/hr, see Table 1 ). Velocity was a major issue in the development
of Dan-W because the model was developed to predict run out distance and velocity
in terrain where failures achieved very high velocities.

o For the KUCC analyses, one of the more useful features during Dan-W execution
was the velocity at the front and tail of the debris flow, lt was observed that any
means to reduce the velocity at the front of the debris flow was very effective at
causing deposition to occur and ultimately reducing the travel distance. By reducing
velocity at the front of the debris flow, material would accumulate, essentially causing
the remaining material to begin to "pile up", which then reduced the velooty along the
remainder of the travel path.

. The geometry along the path of the debris flow can be varied to assess the impacts
to velocily, distance and depth of deposition. lmpacts from geometry changes
include changes to velocity (either accelerating or decelerating), the initiation of
deposition and cfianging the depth of deposition. lt is noted that increasing
steepness in the run out zone can also increase veloclty and travel distance. For
example, a debris basin located too close to the toe of the dump may be overtopped,
and the steeo downstream slooes ofthe debris basin could extend the travel
distance. In this manner, Dan-W can assess whether debris basins are located
appropriately at the toe of the dump.

. Geometry changes also impact the continuity of the debris flow. Dan-W can model
the debris flow splitting into one or more separate flows. Additionally, if a known
geomelry causes the debris flow to become "airborne" (which is considered to be
unrealistic), then such a known geometry inflection point can be used during
calibration to rule out unrealistic input parameters.

Information that Dan-W can not provide

. The program requires input of the material parameters, \,vhich are related to
precipitation data and the material properties in the debris flow. Dan-W can not
predict the amount of precipitation required to €use the debris flow. This is an input
assumption, which in the cases evaluated for the KUCC waste dumps, requires an
assumption for either the pore pressure parameter, R,, (for the Mohr-Coulomb input
assumption) or a definition of the rheology of the debris flow (Voellmy input
assumption).

o Dan-W does not provide any information in regards lo the return period of the debris
flow event. The retum period is ultimately related to the precipitation required to
cause sufficient saturation for the debris flow to occur.

o Dan-W also requires an assumption of the volume of material involved in the debris
flow. Volumes can be assessed parametrically by calibrating to the material
deposited, but ultimately the size of the debris flow must be input at the initiation of
the analysis. Debris flow volume is critical to sizing a catch basin and must be
established by other means. Several sources of information were available to
estimate the "typical' debris flow volume. The primary sources of the input
information include the historic database and review of aerial photography. Aerial
topography combined with acorrate topographic contours can provide an estimate of
the size of gullies and also size of semi-circular 'scars" observed on the dumps.
Since aerial photography and lopographic data are twodimensional, the depth of the
debris flow at initiation musl be estimated from the inflection of the contours.
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4.

. The maximum depth of erosion along the travel path is another input parameter.
This depth must be assessed based on field observations. Dan-W does make an
assessment of whether material is eroded or deposited along the debris flow path
and uses the velocity, shear strength and depth of erosion input parameters in this
calculation.

Dan - W Analysis Methodology

The software program, Dan-W (Hungr, 2006) was used to assess debris flow run out distance
and velocity. However, before such analyses could be conducted, lhere was a significant
data gathering component, which is summarized in Atlachment 1. The Dan-W analysis

consisted of gathering the required input information and completion of parametric analyses

where one of the unknown input parameters was varied to calibrate to known conditions. The
parameter thal was varied was the pore pressure parameter, Ru, which is a measure of pore

Dressure and the water entrained in the debris flow. The followino seclions summarize:

. Dan-W software
o Historic debris flow events
. Development of input parameters
o Summary of Dan-W findings

In general, itwas found that some ofthe most useful information obtained was development

of the input paramelers for the Dan-W analysis itself. This observation is discussed in further
detail in the following sections.

1.1 Dan-W Software:

Dan-W was developed primarily to assess hazards from high velocity and long distance

debris flows generated from coal mine refuse and waste in British Columbia, Canada. The
program was developed by Oldrich Hungr whose papers are referenced in Attachmen't 3 (lhe

Dan-W manual). During development of Dan-W, travel time, distance and depth of
deposition were the primary areas of interest. The software program incorporates the

complex kinematics ofdebris flow (viscous fluid) movement and uses a pseudo method-of-

slices approach, which is a dynamic form of the ordinary method of slices used in slope

stability analysis. The primary output includes the following graphs:

. Velocity versus time graph, which is presented in real time during the analysis
execulion.

o Travel distance along slope based on the material input parameters.

. lmpacts of slope geometry changes along the travel path. These changes include
the oneiimensional protile ofthe travel path and the width ofthe debris along that
travel path (yielding a pseudo two dimensional analysis).

. Depth of debris flow deposition.

. Various analysis statistics, such as maximum velocity and where it occurs, location of
the final toe of lhe debris flow, location of the debris flow heal, etc.
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Dudng lhe program execution, Dan-W simulabs the debris srug travelling down the dump
face / apron and graphically displays the velocity, depth and disiance the material has
travelled. Figur$ 3 and 4 show typical outsut, whidt consists of an oblique view of he
debris flow (Figure 3) and a travel distance and velocity graph (Figure 4).

Figu]e 3 - Dan-W output showing d€bris f,ow "slog'travcling do,vn terraced ap19n

r.i

Figure 1 - Dan4l w,ocity, havel dis'En@ and deql d &pasilion graph
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4.2 Historic Debris Flow Events

Debris flows often occur in mountainous regions and have been an identified geologic hazard
in some communities, such as the east bench areas of Farmington Canyon in Davis County
and the Provo bench area in Utah County, Utah (Case, 2000). Debris flows often occur in

areas where there is shallow soil cover above fraclured bedrock. lt is postulated that flow
through the fractured bedrock often causes the saturated debisflow scars 1o occur at a
particular location. Alternately, surface runotf may concentrate in a particular area, saturating
the ground. These nafural debris flow occurrences are significantly different than the waste
rock dumps, where bedrock is situated many hundreds of feet below the outer dump surface,
Debris flows in the waste dumps are postulated to occur due to either overtopping of
concentrated runoff at the crest ofthe dumps, or possibly development of perched water
tables near the dump crest daylighting at the surface. Although both sources are possible,

concentrated runoff overtopping the dump crest can be prevented by maintaining proper

berms and routing runoff away from the dump face. Subsurface perched water tables are
more difficult to prevent or address although compacting the dump surface to reduce
infi ltration is effective.

Historic review of documented KUCC events found that debris flows are usuallv
characterized by the following:

. A period of high, concentrated or above normal antecedent precipitation saturating the
su rface.

. A period of highly concentrated precipitation in excess of 1 inch per hour.

. Generally occur in the summer months and are associated with thunderstorms,

. Conversely, debns flows associated with spring snow melt appear to be less prevalent.

Table 2 summarizes the documenled debris flows at KUCC which migrated off property plus
two cases where the material remained on property. A number of other debris flow events
have occuned. Because these events were caotured within the debris flow basins, thev are
not documented.

Table 2 - Summary of Historic Debris Flows Documented at KUC

Date Localion Rainfall, in/hr &

duration

Ultimate deposilion Quantity / Commenl

1967 Castro Butterfield Creek Reportedly dammed up

portion of creek

1979 $qr l!.$.8s:;l
(soulh ol

Yose tn itey

Not applicable;

debris flow caused

by excessive dump

leaching

Contained in

,drainage

Large failure due lo

excessive leaching for 30

days.
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Date Location Rainfall, inihr &

duration

Ullimate deDosition Quantity / Comment

1983 - 84 Various High spring runoff Some deposition in

Butterfleld

Yello$r-brown layer

encounlered

downstream ofthe

Canyon mouth

June 9,

r997
Olsen

drainage"

1.32 inches in 1

hour; 1 .27 in 30

minutes

Butterfield Creek 750 yd3 or about 11oo

tons; 50% had been

contained in Olsen

strudures

August 4,

1997

Castro Basin

ovenopped

Antecedent Precip: 1

inch; prior to event:

0.58 inches

Traveled along

access road to

Butterfield Creek &

then to irrigation

sysrem

1998 O sen Butterfreld Creek Plugging of pipe

Sept 3,

200s

Castro Gulch Unknown Butterfield Overfl ow from colleclion

pipe into Eastside

Collection Syslem

2006 Castro Unknown Contained on

propeny

July 27,

2007

Yosemite URS 2009 reDort Butterfield Creek Filled Yosemite basin

Notes:

A - A 4 feet deep gully exlending to the crest of the Olsen dumps was observed coresponding to an

approximate volume equalto the reported release.

4.3 Development of Dan-W Input Parameters

Based on the above discussion, the required input for the Dan-W analyses was developed
using the following approach:

. GCgMc!ry: The program requires input of the onedimensional travel path (cross
section) and the width along the travel path. The program can model constric{ions,
such as in the case of the debris flow entering a narrow stream channel. Conversely,
the program can model the impact of widening the travel path, as a debris flow enters
the aprol', at the toe of the dumps. The geometry is based on profiles laken along the
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main drainages. lt is observed that for most of the dumps, the profiles are quite
similar allowing one analysis lo model the general debris flow characteristics along all
basins. The cross-section geometry was based on 2 foot contour intervals along the
dump and toe of dumps using lhe 2008 aerial photography provided by KUCC.
USGS topographic maps were used to extend the lopography beyond the most
recenl maps, as necessary. FigureA-14 shows the cross-section geometries that
vr€re developed.

Material tvpes: The material types along the potential flow paths were assumed to
be uniform, granular materials. Based on surface inspection this is reasonable.
Likewise, inspection of the drainages reveals that mosl of the drainages comprise
granular materials. Where vegetation or other materials are present within the
drainages, this assumplion is conservative, because such materials would tend to
slow the debris flow velocity (and this would not be accounted for in the analysis).

Strenqth Parameters: The Mohr-Coulomb (M-C) criteria were used to assess the
material type and behavior (shear strength). The M-C criteria are lhe best known
and understood material property type because the dump surface is al the angle of
repose, essentially exhibiting a 35 degree friction (O) angle. Secondly, the materials
consist of silt to gravel (and larger) size particles so that no cohesion can be
assumed. The only assumption required when using the M-C parameters is the pore
pressure parameter, R". R, was bounded by varying this parameter between a low
value (where no movement occurred) and an upper bound value where the debris
flow was observed to "go airbome" during the analysis (essenlially giving the analysis
unrealistic results). [his usually occuned as a fluid debris flow overtopped the
debris flow basin.l This sensitivity analysis yielded a range in R, from 0.2 to 0.6 (no
movement to excessive velocity) with a best fit parameter of approximately 0.4.

Unit Weiqht: The unit weight of the debris flow was based on characterization of the
surface of the dump by AMEC, who had completed a variety of density tests on the
top surface ofthe dump. The input parameters were corrected for saturated
conditions (versus total unit weight).

: The size of scar or volume of debris at the start of
the analysis was based on the following:

. Historic records of debris contained in the basins were checked. This data
source revealed an input volume of about 750 to 12OO yd3 for a typical debris
flow

. Historic aerial photographs were reviewed to estimate the size of "debris flow
scars" (See Attacfiment 1 Figures A-3 and A-12). The assumption was made
that such features generated the larger debris flow evenb. The area of the scars
were measured in ArcGlS and corrected for the 35 degree slope angle. The
potential volume was developed by estimation from the infleclion ofthe contour
outlining lhe scar. A maximum depth of 1 meter (3 feet) was used.

. Estimates of the volume of gullies present on the surface of the dump were also
made. Such estimaies were made In a similar manner to the debris flow scars,
however, there was better depth conkol due to the incision of the "V' that the
gullies exhibit on topographic maps. lt is known, however, that individual debris
flows did nol generate each gully, because the location of the gullies tend to be
stiable over decades. lt was assumed that the gully volumes would generate
debris flows no greater than 10 percent of the gully itself, an assumption which is
believed to be conservative.

Table 3 summarizes the Dan-W input parameters and the basis for the parameter selection.
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Parameler Value (units) Basis Supporting

Attachment
Figure

Slope Profile Yosemite drainage and
average profile normalized
along remaining drainages
averages 35.2 o

Average along "apron" is
12.5 o (+/-)

KUC2fltopographyalong
main axis of drainage

A- 18

ScarWidlh (profile

width in Dan-W)

Average = 30 ft

Range: l0 lo 55 ft

Average acreage:

- 0.6 acres

As measured from aerials A4toA{7
(Figures
de\,/eloped

from
ArcGlS)

Shear Strength:

Fricton Angle (O)

Cohesion Intercept

S'=35"
Cohesion = 0

Average angle of repose / non

cohesive materials
A-18

Pore Water Pressure

Parameter, Ru

Varies from 0.2 to 0.6 (Ave

= 0.4 to 0.45)
R, varied lo provide a

reasonable correlation with
observed travel distance. At
Ru < 0.2, the debris flow does

not extend past the loe of the
dump. At R! > 0.6, debris

flows would become airbome.

R" = 0.4 best lit.

A-19

Dynamic Shear
Strength

Governed by the equalion:

0 uurr = tan ($ '( 1 - Ru))

Reduces the effeclive triction
angle,0" by 0.4 to 0.8 0'with
the best tit 0 b"rk angle of 2'1

degrees (close to the
observed 20 degree slope
angle of the steeper apron
materials.)

Unii Weight 19 KN/m3 AMEC 2006 dump surface test
work

Erosion Depth, m 3 meters Estimate na

Volume of Debris,

m3, as based on:
lenglh of scar, width

and depth

Depth held constant at '1

meter, width and length
varied

As descdbed in text: average
value is 750 yd3 (575 m3) with
range of 750 to 12OO yd3

A-6 through

A-'t7

Nole: Dan-W requires metric input paramele6; all English units converted to Slfor input.

5.

Tabl€ 3 - Dan W Input Parameter and Basis

Summary of Dan-W Findings

The firsl step in the Dan-W analyses was to gather the relevant input parameters, summarize

the basis and complete back analysis of the documented information to develop an
.l'tt
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appropriate range of input parameters. This data{athering exercise is summarized in

Attachment 1. The unknowns in the input parameters largely revolved around uncertainty in

the pore pressure parameter, Ru, and the volume of the debris flow itself. To address these

uncertainties, these paramelers were varied so that reasonable output based on the historic

data was obtained. ll was found that the software was most sensitive to the pore pressure

parameter, R,, in terms of calibrating what was known about prior events.

Additionally, development of lhe input parameters yielded some of the more useful
informalion. For example, the following information was developed:

The historical review of scars showed that such features are periodically evident on
the dump surface and represent slumps and / or potential sources of lhe debris flows.

The size of gullies was estimated, which yielded approximate values for the erosion
that may be occurring from the dumps. lt was assumed, however, tha't the maximum
individual debris flow event would represent no more than 10 percent of the gully
volume, because individual gullies are evident over several decades of aerial
photographs.

Two mechanisms for the occrrrence of debris flows were developed:

o Overtopping of the dump cresl by waler, which was originally the postulated
cause of the debris flows.

o Day-lighting of a perched water table near the embankmenl crest.

The effect of varying the geometry and grade changes was evaluated during back
analysis. This constrained the pore pressure parameter, Ru, and also demonstrated
that increasing slope steepness in the deposition area would ultimately increase the
run out distance.

Recommended Options to Mitigate Erosion

There are two basic approaches to mitigating the erosion rate and amount of water flowing

down the dump face. The most obvious approach involves methods to reduce concentraled

waler flow down the dumo face. which include

Maintaining the berms along the dump crest to assure that concentrated flow is nol
occurnng.

Sloping or regrading the dump crest area inward to promole drainage away from the
qest to a point where drainage be routed safely down the down face or groin area, such
as using a drainage pipe.

Avoiding concentrateing areas of surface runoff near the dump crest.

Controlling erosion due to direct surface precipitation onto the dump face is difficult.

Therefore, some rilling and erosion must be expected with the cunent angle of repose

dumps. Field observations indic€te that dumps must be terraced every 50 to 100 feet to

curtain development of large gullies. Assuming that some erosion is inevitable, controlling

the sediment at the toe of the dump provides a means of containing the material on KUCC
property. The means to collect surface water are discussed in a companion URS report,a.!-d
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nas _beg!_l Qg. The URS report indicates thatlhg.second
detention basin, situated up slope of the current east side collection system basin +!'j.ll.provide
supplemental storage for runoff in the Yosemite basin.EIrd.!o_tr-tai!r a p.a !e..e-lEldebllsllSw
eve nt.

One of the flndings of the parametric Dan-W analyses (analyses where Ru was varied) was

that geomelry changes could impact the travel distance. Such geometry changes could be
used to reduce debris flow velocity and run out distance. ldeally, one would prefer to have a

debris flowcometo rest before entering the catch basin. In this manner, the full capacity to
store a 10 yr 24 hour event would be available. Practical application of reducing the debris

flow velocity includes concepts such as:

. Installing constrictions on the alluvial fan or apron al the base of the wasle rock dumps.

. P l..debris flow basi4upslope of the currenl basiry(aslUS
oeen compleLed_bJ KUqC). ,

. Changing grade to reduce velocity (thereby getting the debris flow to stop before the
basin is reached.__eqggltzurJglhe 4p1o_aof marer als at the toegflltgllL1l!]prh_aC.q]SS
been accomplished tlthg,ngxllll]ll]r.extentlractica

Ql'_quLd frel! e ttdgltle r11!_LSq19ltr9,n9! qq1g 
-el_11gt_tCd !ee_d _q_!!JuCll eating a

conslriction would involve placement of physical barriers, such as piles of non-erodible large

boulders across the dump toe. Material that is subject to erosion should not be used, as such
material could become incorporated into a debris flow. Alternately, steel piling could be
driven vertic€lly into the dump apron to provide @nstructions and reduce debris flow velocity.

However, as material collects behind these veftical barriers the grade would be changed.

Such future increases in the grade could cause additional material to combine into the debrjs
flow, therefore enlarging the amount ofdebris and increasing the travel distance. Such

barriers would require continued maintenance similar to lhe current debris flow basins.

Dan-W analyses indicate that one of the more effective methods to reduce debris flow
velocities is to terrace lhe toe areas of the dump. There are limitations on the dump terracing

since cufting steep terraces into the dump toe creates new sources for erosion. Since the

average angle of repose of the saturated materials at the toe of the dump is about 13 +/- 6
degrees, increasing the steepness of areas at the toe of the dump beyond 20 degrees would

be likely to cause further erosion, Secondly, anygrading performed atthedumptoe needs to

ultimately match the current dump toe. These two considerations place constrainls on
practical grading oplions. Given these considerations, it appears that the best means to
terrace include cutting benches between 0 to 2 degrees dip and cutting slopes areas
between 10 and 14 degrees dip. For example, at the toe of the Yosemite dump, a terracing
pattern of 4 degrees benches and 12 degrees slopes or 2 degree benches and 14 degree
slopes would match the current topography. Within practical lilT|its, su ctlery acrn"S-he$,Oe9!

tryitLLE_S.!9j!t-S!9_[ S_f_trr9_9,Upp]S!n€!_ta1 de*b1s_.f!ory-p-g-s-11 Other
configurations are viable at locations other than Yosemite and these can readily be evaluated

with the current Dan-W model. The minimum bench width should be 200 feet and the
number of benches should be dictated by site-specific mnditions. Such a tenacing scheme
is shown on Figure 5.
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Figure 5 - Possible teiacing of dump toe (2 degree benches with 12 degrce terace slopes shown)

5.2 Evaluation of Supplemental Detention Basin Recommended by URS

The calibrated Dan-W model was used to evaluate the impact of the supplemental detention
basin situated at a horizontal distance of approximately 150G1550 feet from the crest of the

Yosemite dump. The analysis found that at Ru values less than about 0.3, a 750 yd3 debris
flow would be contained in this basin. At Ru values between 0.3 and 0.4, the debris flow
velocily would be appreciably reduced and the debris itself would be deposited immediately

down slope of the new basin (and upslope of the current basin), At fluid Ru values grealer

than 0.4, the basin is situated too close to the dump toe. The debris flows would either
be@me airborne (unlikely) or cause erosion of the upper basin. In either case, containment

is provided in the current lower basin. Based on the Dan-W analyses, it appears that the

second basin would reduce debris flow velocities in most orcumstances. For very fluid debris

flows, it is recommended that additional armouring be placed on the debris basin crest (large

boulders) to reduce the likelihood of overtopping erosion of the basin embankment.
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Attachment A - Aerial Photo Review

The process of erosion can be observed on the following sequence of aerial photographs.

Figures A€ hrough A-8 show the erosion sequence for the northema, high truck waste

dumps (Keystone / Lost Copper); figures A-9 through A-13 show a similar sequence forthe
Yosemite dump and the Saints Rest dump dump area is shown on Figures A-14 hrough A-
17. The Saints Rest dumo \ffas selected because it has exhibited a number of debris flow
events over time and conlains evidence of 1979 failure debris.

Figue A-6 - Footpint D€low the Keystone dump in 1e77 - debis ftom pevious lailurc is evident.

'ThsBurmaloadorheroadheadingupblheformgrYosemitekuckshoparcaisthedividebetweentheNorth
snd South dumDs.
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Figurc A-7 - The Keystone dump in 1983 Note thal minot erosion gullies arc aheady present and prciausfailurc

debis has been oveftaDDed.
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Figure A-8 - Etosion and gu ying in 2003 cobr aeial photogrcph of same area Also noE the 'sca/' farmed from a

debis flow emanating hgm near the crest (left of the word keystone). The 20A6 aeial is not as good

quality and is not shown. Howeve| it shows slight enlaeemenl of scar and apparent deepening of the

majar gullies shown on this photograph Piles ol "plug dump" waste rcck arc eident in the lower left

cofner.
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The following photographs show a similar sequence for the Yosemite dump area.

Figue A-9 - 1977 Yosemite aeial photognph The rcd circle identifies a mahr ercsion guu.
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Figure A-10 - 1983 Yosemite Aeial photognph

Figue A-11 - 2OO3 Yosemile Aedal mobgaph
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FiguE A-12 - 20OO Yosemite Aedal

Figurc A-1 3 - 20OA Yosemib Aedal - note hot new mats.ial has been placed above he laE,e erosional guv tlEt
was fomoiy loFa/i9d within the Ed cncE. This ma/Fial may have alEEd the suia@ dninage on lhe

wmp.
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Photographs beginning with Figure A-14 show a similar sequence for the Sainb Rest dump:

Figue 814 - Foobint bebw the tutu@ S€,infs rest dwv in 1977. Tttis E th€ e,ee pdor|o the 197C lailu,e.
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Figure A-15 -The same dump area in 1983 The granulat mateialinthe lawet (southeast) is lhe 1979 tailure debis.

Nate that minor erosion has beaun

Figurc A-16 - Severc ercsion and illing is shown on lhe 2003 aerialphotogrcph i t,.: t- t ..t't )iat :,t:.)t Dt

t,ia::, r)'J.-:,,..),: tt,.t !.1 r.,./,.:1. ,,:.. -,tt it'.jt., . ' .::...:)t)..a i./:.,:i::,'t.r,a;it:ia::

i ' . , 1 j 19 The 2006 aedal photogeph is not shown because of quality (albedo) issues
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Figun A-17 - Sainls Rest dumps showing aE,ss ofcorc€nlr€led e/osbn d scening.

Dump Cross Sections

Cross sections were developed along the primary South dump drainages, as shown on
Figure A-18. The average cross sec{ion used for the Dan-W analysis is also depicied by the
heavy red line shown on this figure.
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Al drainages

FiguE A-18 - hnpanson ol South End dainage dump prcfrles

l. Galibration of Runout Distance and Pore Presure Parameter

The Yosemite and the "average" pmfile shown on Figure A-18 rivere used in combination with
varying the pore pressurc paEmeter, Ru. lt was found that pore pressure parameter behueen
0.2 and 0.6 prwided he only realistic runout distances that malched the case history
observations. At pore pressurc paramelers below 0.2, the debris flo\r6 just travelled down
the dump face. This condition is observed at numerous locations along the dump Face. Al Ru

values greater lhan about 0.6, the debris flours becane airborne after crossing the debris

catcfi basins, a situation which has not been observed. Analyses indicate that the best
calibration appearB lo occur in the nanow range between 0.4 and 0.45. A summary of the
run out distance and Ru paranEter is provided on Figure A-19.
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Figue A-19 - Run oul distance ve6us pore Wssure panmeter, Ru

2. Gully Volumes

Following review of the above and other aerial photographs, estimates of the gully volumes
were made from 2003 aerial photography. The 2003 photographs were used because ofthe
clarity and availability of Cadd drawings as overlays. Volume estimates were made as
follows:

Cadd drawings and aerial imagery were georeferenced within ArcGlS (as shown on
previous figures),

The geometry of the gullies was estimated from the "V' shape of the mntours, which
reveal both the width and depth ofthe gully. The actual gully depth was corrected
from the horizontal contour shape assuming a 37 degree dump slope.

It was assumed that the cross section area of the gully was triangular in shape (as
evidenced from the contours) and that the volume was the triangular cross section of
the gully times its (incremental) length.

These estimates were biased towards the "large/' visible gullies since accurate
estimates of the smaller gullies could not be made from the available gullies.

Figure A-20 summanzes the gully volumes.
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Gully rolume rersus location
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Figue A-20 - Gu y volumes

It is apparent that the gully sizes appearto be larger in the higher Keystone, Lost Gulch and

Copper drainages than in the south dumps. The gully volume versus dump heights is shown
on the following figure A-21,

Gully Volume Versus Total Dump height

14,000

12,000

10,000

8,000
6,000
4,000
2,000

200 300 400 500 600 700 800 900 1000

Dumo heiqhL ft
Note: At 50 ft bench heights; there aie fufi gfullies

Figure A-21 - Reldtionship between dump height and maimum volume ofgullies measuEd frcn aedalphotognphy

Geometrically, it would be expected that larger gullies can result from higher dump heights.
The inventory of the larger, recognizable gullies on the aerial photography indicates that this
does appear to be the case. The following graph also indicates that the gully distribution is

not a normal distribution, bul has a number of larger gullies that extend beyond the mean
gully size. The approximate normal distribution of the gullies is shown on figure A-22.
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Figurc A-22 - Disttibution of gu y sizes. The mean values shown are lhe mean and standatd deviation ol the Wfies
less than 75OO yd in votume.

To evaluate the size of a typical medium to large size gully, the cross-sectional area and
resulting cumulative volume of several typical gullies was calculated. lt is observed that large
gullies do not appear to form within the initial 400 feet of gully length. Thereafter, small to
medium sized gullies tend 10 merge and become relatively large "scars." Figure A-23 shows
the relationship between the length of the gully, the cross-sectional area (assumed to be

triangular in shape) and the gully volume.

Individual Gully Area & Volume Vs Distance
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Figure A-23 - Gully cross-secfiona/ a/ea snd cumulalve wlume

It is noted that smaller gullies may not increase significantly in cross-sectional area or volume
as they erode down the dump face.
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To eslrmate the volume of material that is being eroded down the dump face over time, the
typical small, medium and large erosion geometries calculated above were used. The
method used to make this calc lation involves a number of simplifying assumplions, as
follows:

o The dump slope was divided into various areas within visually similar erosion
features on the 2003 aerial photograph. A significant increase in the size and
number of erosion gullies was observed on the 2003 aerial photographs as
compared to prior photographs. However, it must be noted that the quality ofthe
images and the resulting image resolution did vary.

o The dump face was divided into areas designated by orientation and drainage. The
numbers of small, medium and large gullies identified on the aerial photographs
were lhen counted. Based on measuring select gullies, the assumptions regarding
the gull as follows,

o 800 yd"
o - 3200 vd'
o 12,000 yd3

o Based on the number of small, medium and large gullies counted within a specific
area, the totalvolume of material that has eroded down from the dumo face was
estimated.

o Given the observation that very few gullles were observed in the 1983 aerial and a
large number of gullies was observed in the 2003 aerial, the total volume of material
eroded in gullies was divided by 20 year to calculate an annual erosion rate (based
on gullies alone). The 20 year assumption is a critical assumption because il occurs
in the divisor; however. it is the best estimate that we have available.

f t was found that an average ol 2.3 +l- 1.2 feet of material had been eroded down the
dump face within a 20 year period. This translales to an aver€lge erosion rate of 0.11 +/-
0.06 fVyr erosion. The resulting distribution of erosion rales is shown on Figure A-24.

Erosion Rate Vs Dump
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Figure A-24 - Apwxinate ercsion rabs by dump arca
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The anomalous, high erosion rate for one of he Midas dump areas is probably due to this
being a continuous channel for surface water flowing down the dump face. Erosion rates for
the predominantly quartzite rock north dumps average about 0.11 fuyr and erosion rates for
the southern dumps are only slightly higher at 0.12 fuyr.

The erosion rate based on dump exposure or orientation was also calculated. lt was found
that the erosion rate for the easl and northeast facing dumps averages about 0.12 fuyr and
the erosion rate for the southeast facing dumps averages about 0.09 fUyr. This would be
expected given the varying micro-climatic conditions between the north facing slopes and the
south facing slopes. lt is therefore likely that slope orientation is more important than dump
composition in the actual erosion rate.
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Attachment B - July 27th Debris Flow Observations

(Previous memorandum re-printed with revised figure numbers)
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Kef ly Payne, Vicky Peacey, Brian Vinton, Jack Bloom, Zip Zavodni

I 
SuUiect July 27 ,2OO7 debris ffow observations

Dear Kelly,

The following documents observations made on August 1 in regards to the July 27 debris
flow and thoughts regarding a palh forward in evaluating the dump erosion and gullying
tssue.

Observations regarding the July 27 debris flow

,ii
I t/
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Figurc B-25 - View easlwad and downwad from he Yosemite dump crest. The awoximate path of the debis flow

i3 indicaled in yellow, along with location ot Butteiield Creek by lhe blue line.

The July 27 debris flow is attributed to a concentrated lhunderstorm event. The debris
eroded down the numerous rills and gullies on lhe dump. There was no evidence that
surface water overtopped the dump edge, causing concentrated flow from the crest.
However, it was reported that the dump crest was very "spongy" immediately following the
debris flow, indicating near saturation.
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Figurc B-26 - View ol seftlement qacks / sutticlal movement at crcst ol dump There is abundant evidence that

shallow slips ol the sutace continue to occur. Tension cncks are sometimes obseved as lar back as

500 feet frcm crest. Cncks tend to "heal" themsel\cs ovet tjme (close up) SuNey monuments situated

up slope of these cracks seftled 3 % to 4 % inches frcm Oct 2005lo Aptil 2007. This is less than ttl€ 6

inches of avenge seftlement duing the peiod Displacement along these scarps is obiously much

geatet and on lhe ordet ol feet. It is atso possible that lhis teraced topogrcphy is reducing over-land

flow velocities so thal gullying and ercsion does not occur at the dump crest.

Figure B-26 shows the dump crest on August 1 . The dump crest features are indicative of an
"infinite slope" slip surface where the factor of safety of the slope is equal to the tangent of
the angle of repose divided by the tangent of the friction angle. When the material becomes
saturated, this factor of safety reduces by the ratio of the buoyant to saturated unit weight, as
shown on the following equations. The measured slope angles at the top of Yosemite varied
from about 29 to 33 degrees, which is less than the typical 34 to 37 degree friction angle for
these materials. This suggests that movement due to saturation has occurred.
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FS =TN'Q
Tanp

where,

S = the angle of internal friction for the soil

p = the slope angle relative to the horizontal

where.

ia : the buoyant unit weight of the soil

7r: the saturated unit weight of the soil

Also, it is known that perched water table conditions exist within both the Yosemite and
Casho dump, as shallow as 10- 15 feet below the dump surface. lf these perched waler
table conditions r/vere to day light or come close to the slope face, this could partly explain the
surface movements.
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Figure B-27 - Debis flow mateial in basin up s/ope o/ lhe easf side collection cut otl wall. Mateialis a classic debds

flow, consisting of viscous gravel, sand, silt and clay. The majoity of the coa6e pafticles were

cantained wilhin the basin

Figure B-28 - View fiom embankmenl suppoding lhe east side collecton pipeline At this poinL the debis fiow only

tQnspoied the froer grain size sand, silt aod clay. Some of this mateial was tanspofted thmugh a

cutupd at the base of the embankment towad Buttefield Crcek.
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FiguQ B-29 - Etosion gullies and ,i s exEnding down he face ol tlr€ gulch. Tha gulli.€,s and d s genenlly & not

extend to the dump cF'st, nthet begin aboul 1 0 Io 20 petwnl down lhe tace ol tl€ dunp.

As shown in Figures B-27 and B-28, the debris flow material consists of angular, fully
salurated gravel, sand, silt and clay particles. The actual erosion gully which transported the
July 27 debris down the dump face could not be identified (see Figure R29). A typical debris
flow'scaf from which the majorily of the material was transported is not visible in this
particular area. The crest of he dump gives the "appearance' of having a higher moisture
conlent (greenish hue on photo), but this is not certain. The very dark colored areas on the
photo are coarse rock (this is not a change in moisture).
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Technology and Imoration

Appendix G - South Dump Stability

surface

affected by water flowinq down the dump face due to direct precipilation, run off or

ion interface. These considerations are

ctions.

Infinite Slope Conditions

Due to the end dump method of construction, the waste dumps are initially placed at
an angle of repose in a loose surface condition. Therefore, the dumps are initially at
a factor of safety of 1 .0, defined as:

FS=tan0/tani

\A/here:

0 = angle of internal friction, degrees

i = slope angle, degrees
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measuring the slope angle of the dump, the angle of intemal ftiction
of the dump materials in a loose condition can be estimatedl. Possible seepage
parallel to the slope reduces the factor of safety, thereby causing potential mass
movement. As additional materials are placed on the dumps, with time the dumps
settle and transition from a loose to dense state, thereby increasing the angle of
internal friction.

Due to particle segregation during dumping, fine grain size dump material tends to
remain near the dump crest while the larger particle sizes roll and sanafe down the
dump slope. This process causes internal dump stratification, as described in

Appendix B. The fine grain size material remaining at the dump crest may posses
"apparent cohesion" due to capillary forces under partly saturated conditions. This
apparent cohesion tends to over-steepen the crest of the dumps initially. As time
passes, periodic saturation causes these materials to slump or fail in an infinite slope
condition, flattening the dump crest over time (see Appendix F for further
description). Secondly, as additional materials are placed on the dump, settlement
occurs due to the materials assuming a more dense condition. !Vg4!qLtS-e!_d

deqree of surface _ g

angle of internal frlction increases during both this settlement and weatherinq
process..,A.p-hq19Sr?p!:t 

-o_l_!_tfl.rI9,s1a!e-Qlp.peSets_deplqe!. gt.F,_tguie .8 26, 1rc!,!_ded
as Attachment B to Appendrx F.
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Appendtx F,qrd EISqr E_A!_!rr ,tbe--attaq[ntqOl to AppendE_L $howq_ a tvprcal d u.!t:!p
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General slope stability analysis consists of evaluating potential "deep seated" slip
surfaces. Such surfaces may intersect the foundation materials, particularly if the
foundation materials are weaker (have a lower shear strength) than the dump
materials. When pedorming such analyses, the shallow infinite slope condition
described above is usually ignored. Such analyses are usually performed using limit
equilibrium method (LEM) slope stability analysis, although more sophisli€ted
methods are available (finite element or difference analysis using a stress reduction
method to calculate the factor of safety).

Screening level stability analyses were completed to assess the probable range in
faclors of safety for deep seated slip surfaces. By screening level, it was meant that
conservative, bounding assumptions were made on the shear strength of the waste
rock, foundation soil, water table and stratigraphy to develop a range in factors of
safety of the dumps in their current condition. A conservative assumption was also

I The infinite slope analysis simplistically ignores apparent cohesion. Derivations for
evaluating the infurite slope condition with cohesion are available and can be used to parametrically
assess cohesion and friction ansle rdnees.
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made that the soil undedying the dumps has a uniform thickness. In all likelihood,
bedrock outcrops are present below specific dump cross sections, thereby
increasing stability.

Limit equilibrium method (LEM) stability analyses were completed using the program
SL|DES.O by Rocscience@. LEM analyses define a factor of safety as the summation
of resisting forces divided by the summation of driving forces. A factor of safety of
one (1.0) indicates that the resisting forces are equal to the driving forces and the
slope is essentially at incipient failure. For mining engineering purposes, acceptable
static factors of safety are generally considered to be greater than or equal to 1.2.

The more rigorous LEM methods include the Spencer and Morgenstern-Price
methods, which base the factor of safety on both summation of forces and moments
(about a point defining the slip surface). The Spencer method of analysis was used
in the calculations oresented herein.

The stability analyses assumed the following:

The foundation shear strength is based on testing a limited number of
samples obtained from beyond the toe of the dumps, described in Appendix
A and summarized in Figure G-1. The foundation was characterized as
either having a silty clay foundation or a silty gravel foundation. For
screeninq was conservatively assumed that the foundation
soils were at least 10 ft thick below the entire footorint of the dumD.

Shear strength of waste rock materials is reasonably modeled by the non-
linear shear strength envelope developed in Appendix B. The non-linear
shear strength envelope takes into consideration that at high stresses,
breakage of the asperities contributing to friction occurs and there is a
reduction in friction angle with increasing confining (overburden stress). The
waste rock strength was characterized by an upper bound, lower bound and
average range. The average value was set lo coincide with the Leps (1970)

values for mine waste. Strength properties for the primarily quartzite
materials represent the upper bound envelope, while the lower bound
estimate is represented by the intrusive units. The non-llnear envelope is
shown on Figure G-2.

For most dumps. lt is assumed that the dumps are relatively well drained and
do not support a high phreatic surface. This input assumption is based on

monitoring of seepage flows from dump leaching, which shows that the
dumps drained quickly following leaching operations. Secondly, the particle
segregation within the dumps indicates that larger, more permeable materials
are present at the dump toe. Lastly, available permeability data of.the dumps
(Appendix B, Table B-3) indicate drained conditions with values in the range
of 10i to 10-3 cm/sec at depth. The stability analyses assume the base of the
dump is saturated, and that the phreatic surface extends 5 feet uniformly
above the dump / foundation interface. This should be a reasonably
conservative assumptio the coarse nature of materials at the d ump
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Figure G-2 - Waste rock shear strength envelopes (see discussion in Appendix B).

The following matrix of assumptions was used to compbte a probabilistic, screening
level stability assessment of the waste dumps. In comparison to traditional
deterministic stability assessment, this approach should be considered a non-
traditional method where the best estimate values only are presented. The benefit of
this approach is that uncertainty in input parameters is captured.
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Table G-1 - Makix of Waste Rock and Foundation shear strength
parameters

Dump Foundation
Conditions I

9l-L,er:rsu!

Parameters

Upper bound
Waste Rock
Strength

Average
Waste Rock
Strength

Lower
Bound
Waste rock
strength

South Dumps

Yosemite and

Saint's Rest
Lean Clay

llt--:?Q dss

-Q-sJr ']J-QQ.ps1

X X X

9l-avsr,-s-al.dy
Gravel w/

lit:.--3.9. !e"q
( nf, = (ft0 ncf

X X X

The above WR and foundation material properties required six stability calculations
per cross section. Assuming that the upper and lower bound estimates for the WR
and foundation soils represented values one standard deviation above and below the
mean (actual) value for the WR dumps, one can statistically calculate the probability

of failure using a 'point estimate method" (Harr)2. The point estimate method
assumes that the Lower WR/Lower foundation, Lower WRi/Upper foundation, Upper
WR/Upper foundation, Upper WRyupper foundation, average WFylower foundation
and average WRyupper foundation calculations statistically identify the range
(assuming +/- one standard deviation) of possible factors of safety for the dump.
The probability that the factor of safety lies within a given range can then be

calculated. These calculations are then used to screen which areas warrant further
field investigation to confirm the actual factors of safety. The stability analyses
themselves also provide the critical slip surface location to identify where
understanding of the foundation conditions are most critical. In most cases this
location is near the toe of the dumps. Likewise, where the statistical range in factor
of safety meets or exceeds accepted criteria for WR dump stability, no further
investigations or analyses are warranted. This last statement is supported by the
observed stable conditions of the dumps over the last 30 to over 80 years.

Stability analyses for Yosemite and Saint's Rest dumps are presented in Table G-{
on the attached Figures and legend at the end of this Appendix. lt is observed that
the best estimate factors of safety (i.e. traditional factors of safety estimates) for both
the Yosemite and Saint's Rest dump are acceptable, exceeding generally acceptable

t The range in shear strengths were initially selected to reasonably represent one skndard
deviation range in typical geotechnical materials having similar gradation and particle constituent
characteristics. Cohesion and cementation *ere isnored for the waste dumo materials.
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criteria for mining engineering applications. For the best estimate and upper bound
assumptions the factors of safety are also acceptable for both geometries evaluated.
Under the lower bound assumptions, however, the calculated factors of safety are
marginal, reflecting uncertainty in our knowledge of Jqqrulpjigl..conditions. For
example, at Yosemite it is observed that if a uniform clay material underlies the
entire drainage, then the calculated factor of safety is near one. The observed
stability of the Yosemite dump indicates that the assumption of a weak silty clay soil

uniformly underlying the dump is ovedy conservative. To €liaiqate eJlelg realistic
case qestry.ere Lult jlllhCSN_elavtrye9,g$!_Oed&
be presen! only in alonq -(hq _fe-a!lf ,of the *lor4! aljqn where vo can c bedrock is

q-p-lrca -ass'rrp!-eolhd
!l1q -\ry-elel-lelle.g.I-le-t ds 5 fqe-!-Ab_ !-VEjhe.l-aundation wqg ma d,e,,..fp1lh eSee qCqq,.llte

n]fln_Un--j_a_ala-r*^-a[._gglgy'..y_ai-..lSq!i|_t_p-'-b_9"-l_?-_ythiqll*is consrdered_ to -qp19
reqlis_[qg.llyreflect-_tE:-..]plyef ..!-o-Uf1d...-Ct!e.gq11-di-tj-o_n"9,.,Traditional factors of safety for
Yosemite and Saints Rest dumos arc 1.4 and 'l.45.
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